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Section I 
GENERAL DESCRIPTION 



1-1. INTRODUCTION 

1-2. This manual contains operation and mainte- 
nance information for the basic Raytheon 704 
Processor and all circuit additions that can be 
supplied as standard options manufactured by 
Raytheon Computer, Santa Ana, California. 

1-3. The instructions contained in this manual are 
primarily intended for operators and maintenance 
personnel and include installation and operation 
instructions, theory of operation, and maintenance 
instructions. Detailed logic diagrams, schematic 
diagrams, and wiring diagrams are grouped at the 
back of the manual for reference convenience. 

1-4. To avoid unnecessary duplication, the com- 
puter word formats and the machine instructions 
are described in the Raytheon 704 Processor User's 
Manual, Bulletin SP-351. The same manual also 
provides much in the way of system software 
information. It is assumed that the user of this 
manual is either familiar with this information or 
that it is readily available to him, so it is not 
repeated here. 

1-5. Operation and maintenance instructions for 
standard peripheral equipment that is compatible 
with the 704 Processor are provided in individual 
manuals covering the separate devices and their 
controllers. These related publications are listed 
under paragraph 1-40. 

1-6. DESCRIPTION 

1-7. The 704 Processor is a 16-bit general purpose 
computer with a memory access and machine cycle 
time of 1 microsecond. Data is handled as binary 
numbers and is processed in parallel according to 



the rules of 2's complement arithmetic. The 
processor may be used as the control element for 
data acquisition, data processing, and system 
control. 

1-8. The basic 704 Processor consists of a central 
processor unit (CPU), 4096 words of magnetic core 
memory, a device controller for a Model ASR 33 
or ASR 35 Teletypewriter Set (TTY set not 
included), and the necessary dc power supplies, all 
housed in a single equipment cabinet. The teletype- 
writer set is a separate free-standing unit and 
contains a low-speed paper tape reader and punch 
as well as the typewriter keyboard and printer. It is 
the basic input-output device for the processor. 

1-9. All circuits of the basic 704 Processor (ex- 
cluding the dc power supplies) are mounted on 
plug-in type printed circuit cards that reduce 
maintenance down time and increase processor 
configuration flexibility. For in addition to the 
basic complement of circuit cards, the 704 Pro- 
cessor cabinet is prewired for plug-in installation of 
most of the standard option functions and up to 
16,384 words of internal memory. The standard 
options (paragraph 1-15) may be specified at the 
time of purchase or added later to adapt the CPU 
to particular applications. 

1-10. All operating controls and indicators for the 
704 Processor are located on the front panel of the 
main cabinet. These control and indicators govern 
the operating mode of the processor and permit 
display of CPU register and memory location 
contents as well as manual data entry into CPU 
registers and memory locations. The functions of 
all CPU controls and indicators and instructions for 
their use are given in Section III of this manual. 
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1-11. The CPU communicates with peripheral 
devices over a data input-output (DIO) bus. Data is 
transferred into and out of the CPU accumulator 
register in 16-bit, parallel words. The number of 
bits of the data word actually used by a peripheral 
device depends on the particular device. Addressing 
permits up to 16 devices to be connected to the 
DIO bus and controlled, using up to 16 function 
codes to control each device. Command words and 
status responses are also transmitted over the DIO 
bus lines. 

1-12. MEMORY EXPANSION OPTIONS 

1-13. The magnetic core memory used in the 704 
Processor is of modular construction; each module 
consists of two printed circuit boards installed as a 
single plug-in assembly that provides 4096 18-bit 
word storage locations. The basic processor is 
wired for four of these memory modules (16,384 
word locations) within the processor cabinet and is 
delivered with one memory module installed. 
Expansion of the memory in 4096-word incre- 
ments is simply a matter of plugging in one or 
more additional memory modules. 

1-14. Because of space limitations, memories 
larger than 16,384 words require a separate mem- 
ory expansion cabinet that contains its own power 
supplies and the additional 4096-word memory 
modules over the four in the main cabinet. The 
memory may be expanded in this way until the 
address hmit of 32,768 word locations is reached. 
All memory module assemblies are identical and 
fully interchangeable. 

1-15. CENTRAL PROCESSOR UNIT OPTIONS 

1-16. The 704 Processor is prewired so that the 
inclusion or addition of standard CPU options, like 
memory expansion, can be accomplished simply by 
plugging in printed circuit card assemblies. In a few 
cases, minor wiring changes may be necessary. 
Each standard option fits on a single printed circuit 
card and can be installed directly within the main 
cabinet of the processor. 

1-17. The standard CPU options available are 
described briefly below. A detailed discussion of 
the functions they perform and the theory of 



operation of their logic is given in Section IV of 
this manual. 

1-18. Hardware Multiply-Divide 

1-19. Installation of this option adds two machine 
instructions, MPY and DIV, to the CPU command 
repertoire. By using these instructions instead of 
the lengthy multiply and divide subroutines, the 
time required for multiplication is reduced from 
105 lis to 8 jLis and for division from 193 jjls to 10 
jLts. These are special two-word instructions with 
the second word used to specify the location in 
memory of the multiplicand or the divisor. The use 
of a full word to address the multiplicand or 
divisor allows any location in memory to be 
addressed without reference to the index register, 
which is only available to the MPY instruction for 
address formation. 

1-20. Execution of the MPY instruction forms the 
31-bit product of two 16-bit numbers, and the DIV 
instruction forms a 16-bit quotient and 16-bit 
remainder from dividing a 16-bit divisor into a 
31-bit dividend. All operands must be signed, and 
either positive numbers or 2's complement negative 
numbers may be used in these operations. The 
hardware multiply-divide logic computes the cor- 
rect signs of all resultants and delivers negative 
resultants in 2's complement form automatically. 

1-21. Priority Interrupt Exparrsion 

1-22. The basic 704 Processor is equipped with 
one level of interrupt service for recognition of 
devices connected to the DIO bus. All devices share 
a common interrupt line in the one-level system, so 
the status of the individual devices must be 
checked in the interrupt service routine to deter- 
mine which of the devices is interrupting. This 
system may be expanded to 8 levels or to 16 levels 
by installing one or two priority interrupt option 
circuit cards, respectively. 

1-23. In a multi-level priority interrupt system, the 
peripheral devices are assigned recognition prior- 
ities, and where interrupts from two or more 
devices occur simultaneously (or are waiting to be 
serviced), the device interrupting on the higher 
priority level will be serviced first. Interrupts from 
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specific devices may also be selectively enabled or 
disabled under program control in expanded inter- 
rupt systems. The teletypewriter set, being the 
slowest I/O device, is normally assigned to the 
lowest priority level (level 00). 

1-24. Manual Interrupt 

1-25. The manual interrupt option allows the 
operator to interrupt data processing by pressing a 
MANUAL INTERRUPT switch located on the 
teletypewriter set. At least eight levels of interrupt 
must be installed to use this option, and the option 
comes preassigned to priority level 01 (although it 
is reassignable to any priority level by a simple 
jumper change). The actual function performed by 
a manual interrupt is programmable and is written 
into the interrupt service routine for priority level 
01 (or any other level assigned). 

1-26. Direct Memory Access 

1-27. A direct memory access (DMA) option 
provides direct communication between high-speed 
I/O devices (magnetic tape, disc memory, etc) and 
the memory via a special DMA bus that bypasses 
the CPU. Up to six devices may share the DMA bus 
on an assigned priority basis, but only one device 
has access to the memory for the reading or writing 
of data at one time. Normal program execution by 
the CPU is not affected by data transfer on the 
DMA bus unless both require access to memory at 
the same time. In this case, the device on the DMA 
bus is serviced first. 



maintain odd parity between the byte and its 
check bit. The two parity bits per word are 
appended to the data word and are stored with it 
into memory, accounting for the 18-bit word 
length of the memory module locations. No overall 
parity is established for the entire data word. 

1-31. When a word is read from memory, whether 
by the CPU or by a device on the DMA bus, each 
byte is checked against its parity check bit for odd 
parity. If a parity error is detected, the processor 
halts and a machine status indicator lights to show 
why data processing has stopped. 

1-32. Automatic Bootstrap 

1-33. (Information not available at this time.) 

1-34. Power Failsafe Option 

1-35. An optional power failsafe unit may be 
installed in the processor to protect the contents of 
memory and to bring program execution to an 
orderly halt in the event of power failure. If power 
fails abruptly or the line voltage drops below a 
preset limit, a one-millisecond power failure inter- 
rupt causes the contents of registers and machine 
status to be stored, the CPU to be halted, and the 
system to be reset before the dc voltage decreases 
significantly. Memory access is disabled at the end 
of the interrupt period to protect the contents of 
the memory during the time the dc voltages are 
decaying. When power is restored, computer opera- 
tion is automatically restarted. 



1-28. Those devices connected to the DMA bus 
must also communicate with the CPU via the DIO 
bus. They are controlled by function codes sup- 
plied over the DIO bus and receive starting location 
addresses from the same source. Requests for 
status and status responses from the device con- 
trollers are handled much the same way as those 
from DIO communicating devices. 

1-29. Memory Parity Check 

1-30. The basic 704 Processor does not check data 
re^d from memory for errors. However, a memory 
parity check option may be installed which gener- 
ates a parity check bit for each 8-bit byte stored 
into memory. The state of this bit is such as to 



1-36. PERIPHERAL EQUIPMENT 

1-37. It is not practical to include here a list of all 
peripheral equipment available for use with the 
704 processor; devices such as card readers, line 
printers, magnetic tape units, disc memories, etc. 
The current list is impressive and expanding rapidly 
as new items are developed. Your Raytheon 
Computer Sales Representative can supply you 
with the latest information on this equipment. 



1-38. BASIC PROCESSOR CHARACTERISTICS 

1-39. Table 1-1 provides the basic design and 
electrical characteristics of the 704 Processoi. 
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1-40. RELATED PUBLICATIONS 

1-41. Operation and maintenance information for 
peripheral equipment is not covered in this manual. 
Where a device is manufactured by another firm, 
the true manufacturer's technical manual is sent 



with the equipment. Raytheon Computer has 
prepared additional manuals which describe any 
modifications to the device made by us and the 
particulars of its controller. These Raytheon 
Computer publications are listed below. 



Publication No. 


Manual Part No. 


RC2022 


391344 


RC2023 


391345 


RC2024 


391346 


RC2025 


391347 


RC2026 


391348 


RC2029 


393682 


RC2041 


392435 


RC2032 


392436 


RC2033 


392437 


RC2034 


392438 


RC2035 


392804 


RC2036 


392805 


RC2037 


392806 


RC2038 


392807 


RC2054 


394178 


RC2055 


393683 


RC2070 


393877 



Title 

Paper Tape Reader and Punch 

Magnetic Tape System (DMA, 9-track) 
17.5/35, 36, 75ips-8bpi 

Disc Memory (Mod. 1 Revised) 

Card Reader and Punch 

Line Printer 

Magnetic Tape System (DIO 7- or 9-track) 
Sync or incremental, density and format 
options 

Multiverter Interface 

Miniverter Interface 

Buffered Digital Output Channel 

Buffered Digital Input Channel 

Time-of-Day Clock 

Digital-to-Analog Converter 

Buffered Digital Input/Output Channel 

Buffered Digital Output Channel 

Teletype Multiplexer 

Digital Plotter Controller 

Magnetic Tape System (DMA, 7-track) 
75 ips, 8 bpi 
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Table 1-1. 704 Processor Characteristics 



General 




Number of instructions 


74 plus 2 optional 


Machine cycle time 


1.0 microsecond 


Instruction word length 


16 bits 


Data word length 


16 bits (or two 8-bit bytes) 


Data number system 


Signed fixed-point binary 


Arithmetic method 


2's complement 


Registers 


Four addressable registers and one index register 


Addressing modes 


Direct; indexed local; indexed global 


Maximum addressing capacility 


32,768 words (15 bits) 


Main Memory 




Storage type 


Random-access, DRO, magnetic core 


Basic memory size 


4096 words (one module) 


Word length 


18 bits (16-bit data word plus 1 byte parity check 




bits) 


Read/restore cycle time 


1.0 microsecond 


Parity error check 


Not standard; byte parity logic available as an 




option 


Expansion capability 




Within CPU cabinet 


Two, three, or four modules (to 16,384 words, in 




4096-word increments) 


Outside CPU cabinet 


Up to four additional 4096-word modules (to 




32,868-word address limit) 


Data Input-Output (DIO) Interface 




Device addressing 


Up to 16 different devices and 16 different 




functions for each device over eight address lines. 


Data transfer 


Separate, full-word (16-bit parallel) data input and 




output lines 


Basic interrupt system 


One level automatic interrupt 


Interrupt expansion capability 


Eight or 16 levels of priority interrupt 


Direct memory access (DMA) interface 




Device channels 


Up to 6 different devices serviced on an assignable 




priority basis 


Data Transfer 


Separate, full-word (16-bit parallel) data input and 




output lines 
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Table 1-1. 704 Processor Characteristics (Cont) 



Direct memory access (DMA) interface (Cont) 

Memory addressing 



From device DMA controller over 15 parallel 
address lines 



Environmental limits 

Operating temperature range 
Storage temperature range 
Maximum humidity 

Physical Properties 

Overall dimensions 

Total weight 
Method of cooling 
Power requirements 



to 40 degrees C. 

-20 to 65 degrees C. 

90 percent, relative, without condensation 



15-3/4 inches high by 17-1/2 inches wide by 
23-1/2 inches deep (allow 4 inches additional 
depth for rear panel connectors) 

75 pounds, approximately 

Two exhaust fans 

110 — 120 volts ac, 50 — 60 Hz, 9 amperes 
maximum 
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Section II 
INSTALLATIOW 



2 1. GENERAL 

2-2. This section contains instructions for unpack- 
ing, installation, and initial checkout of the 704 
Processor. 

2-3. UNPACKING AND INSPECTION e. 

2-4. The 704 Processor is shippped fully assembled 
in a single shipping container. Ancillary and periph- 
eral equipment, such as expansion cabinets and the 
teletypewriter set, are shipped in their own sepa- 
rate containers. Proceed as follows: 

Note 

If shipping damage is uncovered while 
unpacking the equipment, proceed no 
further and save all packing material. ^ 

Notify the transportation agent and your 
Raytheon Computer sales representative 
immediately. 

a. Open top of shipping container carefully. Do 
not use any tools or procedures that might 
damage the contents. g- 

b. Remove upper foam cushion and lift out unit. 
Do not discard any packing material until all 
items listed on packing sUp are accounted for 
and have been inspected. 

c. Open hinged front panel by inserting lip of 
door opening tool (part no. 545241) behind 
left-hand edge of panel about 2 inches from 
bottom and pulling straight forward to release 

latch. 

h. 

d. Remove top access cover by pressing with the 
fingers of both hands, palms upward, along the 



front edge of panel from inside cabinet to 
release front snap-latch strips. Grasp front edge 
of panel from outside and slowly lift up and to 
the rear, being careful not to bend cover while 
removing it. 

Remove all packing material (foam padding, 
tape, etc) found inside unit. Also remove 
shipping clamp (aluminum bar with two 
hooked rods that keep circuit card guide rails 
from springing) by loosening two nuts, disen- 
gaging rods, and withdrawing from the top. 
Inspect interior for loose or damaged circuit 
cards. Also check that connectors attached to 
front of some circuit cards are firmly seated, 
wiring is undamaged, and printed wiring board 
behind front panel is screwed down tightly. 

Check for a shipping rod (piece of loose 
welding rod) running horizontally through 
holes in lower rear corners of all plug-in circuit 
cards. If rod is present, perform steps that 
follow. Otherwise, close door and proceed to 
installation instructions, paragraph 2-5. 

Remove left-hand side access cover (as viewed 
from front) by pressing out with the fingers 
from inside until several of nylon snap-latches 
have been separated. Panel can now be Ufted 
off with a careful prying motion from outside. 

Note 

As a point of interest, right-hand side 
access cover also comes off in the same 
manner for access to the power supply. 

Remove shipping rod by pulling it straight out 
from the left-hand side. It is of no further use 
and may be discarded. 
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j. Replace side and top access covers (align and 
engage snap-latch strips at one edge first and 
work across face of panel to opposite edge, 
pressing firmly over each fastener to engage it). 

Note 

Two side access panels are not inter- 
changeable. When both covers have been 
removed, replace them so that the lou- 
vers are nearer the front of the cabinet. 

k. Close front panel door, pressing lower left-hand 
corner to engage snap fastener. 

2-5. INSTALLATION 

2-6. There are no special requirements in selecting 
a suitable location for the 704 Processor other than 
the usual installation site considerations (ambient 
temperature and humidity, availability of power, 
protection of interconnecting cables, etc). Where 
possible, the unit should be located well away from 
any major bulkhead that might restrict airflow 
through the unit. Cooling air is drawn into the unit 
through the side louvers and forced directly out 
the back. Figure 2-1 gives pertinent installation 
dimensions and other data. 

a. Locate 704 Processor so that 80-inch power 
cable will reach a suitable primary power outlet 
(115 volts, 60 Hz, single phase, 9 amperes). Do 
not plug in power cable yet. 

b. If applicable, locate Teletype model ASR 33 or 
ASK 35 teletypewriter set adjacent to processor 
and interconnect the two units using cable 
assembly 545218. Cable plugs into processor 
rear panel TTY connector. Also plug in tele- 
typewriter set power cord, but leave set turned 
off. 

c. Install DIO terminator plug (part no. 279767) 
into DIO connector (either one if there are 
two) on processor rear panel. 

d. If applicable, connect other DIO bus device 
controllers to one another and to vacant DIO 
connector on processor rear panel. Use DIO 
cable assemblies (part no. 279558) of the 



required lengths. Total cable run from proces- 
sor to furthest controller must not exceed 50 
feet under any condition and should be as short 
as possible. See figure 2-2 for DIO bus intercon- 
nections. 

Note 

All ends of the DIO bus must be 
terminated by inserting a DIO termina- 
tor plug 279767 into vacant DIO con- 
nectors. See figure 2-2. 

e. Check all DIO controllers for device address 
number and priority interrupt level assign- 
ments. Change if necessary (instructions given 
in each device controller manual). Assignments 
m.ust be compatible with number of interrupt 
levels in system (one, level 00, unless noted 
otherwise on options nameplate) and with 
interrupt service software. 

f. If processor has DMA logic installed (check 
options Usted on nameplate), install DMA 
terminator plug (part no. 279768) into either 
DMA connector. 

g. If applicable, connect DMA bus device control- 
lers to one another, to the DIO bus controllers 
(they share the DIO bus for selection, control, 
and status), and to vacant DMA connector on 
processor rear panel. Use DMA cable assemblies 
(part no. 279557) of the required lengths. Total 
length of cable run must not exceed 24 feet. 
See figure 2-3 for DMA bus interconnection 
scheme. 

Note 

A DMA terminator plug 279768 must be 
installed in the unused DMA connector 
on the far-end DMA controller. See 
figure 2-3. 

h. Check all DMA controllers for request/ 
acknowledge channel assignment. Change if 
necessary (instructions given in each device 
controller manual). 

j. If system includes memory- or logic-expansion 
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Figure 2-1. 704 Processor Installation Dimensions 
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cabinet, make necessary cable connections. 
Refer to technical manual for memory expan- 
sion unit or to special system documentation 
for inter-unit cabling required. 

k. Plug in processor power cable. Processor should 
remain off (blowers not operating and all front 
panel lights out). 



operational system, the equipment and the installa- 
tion should be checked out as follows: 

a. Turn on processor by pressing front panel ON 
switch. Check that both blowers are delivering 
air rearward. Also check for automatic power- 
on reset (i.e., only HALT indicator should be 
lit). Press RESET switch if this is not the case. 



Note 

If processor RUN or HALT indicator 
lights when power plug is connected, the 
unit probably has power failsafe logic 
(see list of options on nameplate) or the 
power supply is connected for power 
ON-OFF switch override. To disable this 
override, refer to instructions in Section 
V. 

2-7. CHECKOUT 

2-8. Before operating the 704 Processor as an 



b. Run a general check of unit by manually 
entering and displaying data to and from all 
accessible registers and a few memory locations. 
See Section III for manual operating 
instructions. 

c. Manually enter bootstrap load routine (refer to 
Section III) and load 704 Sensor diagnostic 
programs or some other acceptance test pro- 
gram. All peripheral devices used in these tests 
must, of course, be plugged in and turned on. 
Run test programs until satisfied that entire 
system is operating trouble free. 
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3-1. GENERAL 

3-2. This section contains a functional description 
of the 704 Processor operating controls and indi- 
cators and instructions for loading and executing 
computer programs manually. Instructions for use 
of the 704 Programming Systems are contained in 
the system software manuals. Instructions for 
operating various peripheral devices which may be 
included in the system will be found in the 
operation and maintenance manuals for the equip- 
ment, if standard; or in your system manual, if the 
equipment is of special design. 



3-3. CONTROLS AND INDICATORS 

3-4. All central processor unit (CPU) controls and 
indicators are located on the front panel of the 
main chassis. Their locations are shown in figure 3-1 
and the function of each is described in table 3-1. 

3-5. The teletypewriter set (Model ASR 33 or 
ASR 35) supplied with the 704 Processor is 
modified for use in this application. The normal 
teletypewriter set controls and indicators are 
described in the manual supplied with the set. The 
modifications to the sets are described in Section 
IV of this manual. 




Figure 3-l„ 704 Processor Control Panel 
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Table 3-1. 704 Processor Controls and Indicators 



Name 



ON-OFF Switches 



Indicators 1 thru 15 
(top row) 



Indicators thru 15 
(bottom row) 



Function 



HALT-RUN-STEP Indicators 

PROGRAM COUNTER Section 

CLEAR Switch 

Bit Switches 1 thru 15 

SELECTED DISPLAY Section 

CLEAR Switch 

Bit Switches thru 15 



Turn the processor power supply on and off and reset the 
processor system. (Note: The only indication that the pro- 
cessor is turned on is that at least one control panel indicator 
will be ht and the blowers will be running.) 

Display the contents of the program counter register whenever 
the processor is halted or in the single-step mode. Ones occupy 
those bit positions that are lit. 

Display the contents of any one of four registers or machine 
status, depending upon the position of the DISPLAY SELEC- 
TOR switch. Machine status bit assignments (displayed when 
the switch is in the MS position) are: 

Bits 00 — 04 Extension register contents 

Bit 05 ADFNEG flip-flop state 

Bit 06 ADFEQL flip-flop state 

Bit 07 ADFOVF flip-flop state 

Bit 08 CCFGLB flip-flop state 

Bit 13 Memory Parity Error 

One of these lamps will be lit at all times that the processor is 
turned on, indicating whether it is currently halted, running, or 
in the single-step mode. 



Clears all bits of the program counter register to the state. 

Each switch sets its corresponding bit in the program counter 
register to the 1 state. Used to enter a location address for 
manual access to memory. 



Clears all bits of the register selected by the DISPLAY 
SELECTOR switch (operative in positions MB, IX, and AC 
only). 

Each switch sets its corresponding bit in the register selected for 
display by the DISPLAY SELECTOR switch (operative in 
positions MB, IX, and AC only). Used for manual entry of data 
into the register. 
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Table 3-1. 704 Processor Controls and Indicators (Cont) 



Name 



DISPLAY SELECTOR Switch 



RESET Switch 

HALT Switch 

RUN Switch 
Single STEP Switch 



Single COMMAND Switch 



SENSE Switches thru 3 



Function 



Selects machine status or a register for display or manual entry 
via the SELECTED DISPLAY indicators and switches, as 
follows: 

IN position — Display instruction register contents (bits 
thru 7) and the state of the sequence counter in hexadecimal 
form (bits 12 thru 15). 

MS position — Display machine status (See functional de- 
scription of indicators thru 15 for bit assignments.) 

MB position — Display the contents of the memory buffer 
register, enable the SELECTED DISPLAY switches for entry 
into the register, and enable the ENTER and DISPLAY 
switches for manual access to memory. 

IX position — Display the contents of the index register and 
enable the switches for manual entry into the index register. 

AC position — Display the contents of the accumulator 
register and enable the switches for manual entry into the 
accumulator register. 

Resets the processor registers, control logic, and peripheral 
device controllers in the system. Pressing this switch also returns 
the processor to the halted state from the single-step mode. 

Stops data processing, if the processor is running, or terminates 
single-step operations. 

Starts data processing. 

First actuation of this switch places halted processor into the 
single step mode. Subsequent actuations cause the processor to 
execute one machine cycle of the program each time the switch 
is pressed. (Note: The HALT or RESET switch must be pressed 
to leave the single-step mode.) 

Causes the halted processor to execute one complete machine 
instruction and halt again each time the switch is pressed. 

Permit conditional skip program modification by testing the 
state of any one of these presettable toggle switches. The skip 
function is enabled when a switch is down (false). 
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Table 3-1. 704 Processor Controls and Indicators (Cont) 



Name 


Function 


ENTER Switch 
LOCKOUT Switch 
DISPLAY Switch 


Writes the contents of the memory buffer register into the 
memory location addressed by the program count and incre- 
ments the program count by one. (Operative only when the 
DISPLAY SELECTOR switch is in the MB position.) 

Disables all control panel switches except the four SENSE 
switches, preventing them from affecting the current state of 
the processor. The front panel switches are "unlocked" when 
the key is turned to the counterclockwise position. 

Reads the contents of the memory location addressed by the 
program count, loads it into the memory buffer register for 
display, and increments the program count by one. (Operative 
only when the DISPLAY SELECTOR switch is in the MB 
position.) 



3-6. Two indicators are added to both the Model 
33 and Model 35 sets. These indicators indicate the 
input mode selected in the teletypewriter set 
controller. The KBD indicator Ughts when the 
keyboard mode is selected, and the PTR indicator 
lights when the paper tape reader mode is selected. 
Both indicators are out when the disconnect or 
print/punch modes are selected. 

3-7. When the manual interrupt option is installed 
in the processor system, a MANUAL INTERRUPT 
switch is also added to the teletypewriter set 
keyboard. Pressing this switch sends an interrupt to 
the CPU priority interrupt system. 



3-8. The MODE switch on the Model 35 set is 
altered mechanically to reduce the number of 
switch positions from five to three, and the wiring 
of the switch is changed so that it no longer 
functions as it did in the unmodified set. The three 
switch positions used are reidentified as PRINT, 
PRINT & PUNCH, and PUNCH. Data sent to the 
set will be printed only, printed and punched 
simultaneously, or punched only, depending on the 
setting of the MODE switch. 



3-9. Power On and Off Procedure 

3-10. The 704 Processor is turned on and off by 
operating the front panel ON and OFF switches. 
Neither of these switches is disabled by the 
key-operated LOCKOUT switch. Pressing the ON 
switch turns on the processor by activating the dc 
power supply. The equipment blowers should 
begin operating and at least one front panel 
indicator (the HALT indicator) should Ught, indi- 
cating that the processor is turned on. But if power 
failsafe circuits are installed, a run command will 
be sent to the CPU at the end of the power-on 
sequence to start processing immediately (RUN 
indicator will be lit) from memory word location 
zero. Quite often this location will contain a halt 
instruction. 

3-11. If the power failsafe circuits are not in- 
stalled, make sure that the processor is halted 
before turning off power, otherwise processing 
errors may occur. The power failsafe circuits send a 
power interrupt to the CPU when power is turned 
off to ensure that the processor is halted before the 
dc voltages start to decrease. Power is turned off 
by pressing the OFF switch. 
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3-12. Failure of the processor to turn off when the 
OFF sw 'tch is pressed means that the power supply 
has been internally jumpered to bypass the switch. 
This is the most common method of protecting the 
processing operation. If the processor is being 
operated in this way, it is turned on and off 
directly at the power line plug. 

3-13. MANUAL DATA DISPLAY AND ENTRY 

3-14. Quite often, it is desirable to be able to 
observe the contents of a register or memory 
location or to "go in" and change the data during 
manual operations such as program debugging or 
machine troubleshooting. Within certain limits, this 
is possible, using the front panel controls of the 
704 Processor. 



that will be fetched for execution when run or 
single-step operation is resumed. If it is desirable to 
jump to an instruction other than the next 
instruction in sequence, this can be done by 
manually entering in the address of the desired 
instruction. Also, the addresses for manual mem- 
ory access (display or enter) operations must be 
entered in the same way. The procedure for 
entering data into the program counter register is 
as follows: 

a. Unlock the control panel by inserting key into 
LOCKOUT switch and turning counterclock- 
wise, if necessary. 

b. If HALT indicator is not lit, press HALT 
switch. HALT indicator should hght. 



3-15. The contents of the program counter register 
and one of four switch-selectable CPU registers (or 
machine status) are displayed on the front panel 
continuously, but usually they can only be read 
whenever the processor is halted or in the single- 
step mode. The two rows of indicators correspond 
positionally to the two rows of pushbutton 
switches below them; that is, the top row of 
indicators (1 thru 15) are for the PROGRAM 
COUNTER register, as are the top row of switches, 
while the bottom row of indicators (0 thru 15) are 
for the SELECTED DISPLAY data, the same as 
the bottom row of switches. Indicators are 
arranged in groups of four to aid the operator in 
translating the binary display into its hexadecimal 
equivalent, where this is appropriate. 

3-16. A bit display indicator is lit when the 
corresponding register flip-flop output is a 1 (or 
set). If it is out, the flip-flop contains a (or is 
reset). The pushbutton switches may be used to 
enter data into the program counter register, the 
memory buffer register, the index register, and the 
accumulator register, as described in the paragraphs 
that follow. 



3-17. Program Counter Register 

3-18. The top row of indicators display the con- 
tents of the program counter register at all times. 
Reading this display when the processor is halted 
will indicate the location of the next instruction 



c. To change any program counter bit from a 1 to 
a 0, press PROGRAM COUNTER section 
CLEAR switch, resetting the entire register. All 
top row indicators should go out. 

d. After clearing the register, or if no bits need 
changing from a 1 to a 0, enter the necessary 
I's in the appropriate bit positions by pressing 
the corresponding PROGRAM COUNTER 
switches. Top row indicators should light 
accordingly. 

3-19. Selected Display 

3-20. The bottom row of indicators display vari- 
ous bits of machine status data or the contents of a 
selectable register, as determined by the setting of 
the DISPLAY SELECTOR switch. This data is 
displayed continuously, but it cannot be read 
unless the processor is halted or in single-step 
mode. The DISPLAY SELECTOR switch may be 
changed from one position to another at any time. 
No other action is required to initiate the display. 

3-21. The machine status word (data displayed 
when the DISPLAY SELECTOR switch is set to 
MS) consists of the data in the extension register 
displayed as bits through 4; the states of the 
adder negative flip-flop ADFNEG, the adder equal 
flip-flop ADFEQL, and the adder overflow flip- 
flop ADFOVF displayed as bits 5, 6, and 7, 
respectively; the state of the global control 
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flip-flop CCFGLB displayed as bit 8; and the ''halt 
due to memory parity error" condition indicated 
whenever the bit 13 indicator is lit. 

3-22. The other four positions of the DISPLAY 
SELECTOR switch (IN, MB, IX, and AC) permit 
the display of the contents of the instruction 
register, the memory buffer register, the index 
register, and the accumulator, respectively. In the 
case of instruction register display (IN position of 
the switch), the content of the instruction register 
will be seen displayed by indicators through 7 
and the state of the sequence counter will be 
displayed in binary form by indicators 12 through 
15. For example, phase 7 will be displayed as 
0111, phase B as 1011, phase D as 1101, etc. 

3-23. Entering of data manually into a register is 
permitted only into the memory buffer register, 
the index register, and the accumulator register. 
Consequently, the SELECTED DISPLAY push- 
button switches are enabled only when the DIS- 
PLAY SELECTOR switch is in the MB, IX, or AC 
position. These switches may be used for entering 
data only when the processor is halted. The 
procedure is as follows: 

a. Unlock the control panel by inserting key into 
LOCKOUT switch and turning counterclock- 
wise, if necessary. 

b. If HALT indicator is not lit, press HALT 
switch. HALT indicator should light. 

c. Set DISPLAY SELECTOR switch to select 
register to be entered (MB, IX, or AC positions 
only). 

d. To change any register bit displayed from a 1 to 
a 0, press SELECTED DISPLAY section 
CLEAR switch, resetting the entire register. All 
bottom row indicators should go out. 

e. After clearing the register, or if no bits need 
changing from a 1 to a 0, enter the necessary 
I's in the appropriate bit positions by pressing 
the corresponding SELECTED DISPLAY 
switches. Bottom row indicators should light 
accordingly. 



3-24. Memory Display and Entry 

3-25. The operator can read and display the 
contents of any memory location or enter and 
write new data into any memory location by using 
the DISPLAY and ENTER switches at the lower 
right-hand corner of the control panel. The DIS- 
PLAY switch is used to read a word from the 
memory location given in the program counter 
register and load it into the memory buffer register 
for display by the bottom row of indicators. The 
ENTER switch is used to write a word from the 
memory buffer register into the memory location 
given in the program counter register. Pressing 
either switch automatically increments the pro- 
gram count by one so that a sequence of memory 
locations can be accessed merely by repeatedly 
pressing the switch. The DISPLAY SELECTOR 
switch must be set to the MB position and the 
processor must be halted before the DISPLAY and 
ENTER switches are enabled. 

3-26. The procedure for displaying the contents of 
a memory location or series of memory locations is 
as follows: 

a. Unlock the control panel, if necessary. If HALT 
indicator is not lit, press HALT switch. HALT 
indicator should light. 

b. Set DISPLAY SELECTOR switch to MB. 

c. Manually enter memory location address (or 
first address of a series) into program counter 
register. See paragraph 3-17 for procedure. 

d. Press DISPLAY switch once and release. The 
data displayed by the bottom row of indicators 
is the content of the memory location 
addressed. If the contents of a series of memory 
locations are to be read, press DISPLAY switch 
again and read the data displayed by the 
bottom row indicators for each location. 



3-27. The procedure for entering data into ; 
memory location or series of memory locations i 
as follows: 
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a. Unlock the control panel, if necessary. If HALT 
indicator is not lit, press HALT switch. HALT 
indicator should light. 

b. Set DISPLAY SELECTOR switch to MB. 

c. Manually enter memory location address (or 
first address of a series) into program counter 
register. See paragraph 3-17 for procedure. 

d. Using SELECTED DISPLAY pushbutton 
switches, manually enter data word to be 
written into the memory buffer register. 

e. Press ENTER switch once. Data word in mem- 
ory buffer register will be written into memory 
location addressed, and program count will be 
incremented by one, addressing ext location in 
sequence. 

f. If a number of data words are to be written 
into sequential memory locations, enter next 
data word into memory buffer register and 
press ENTER switch once. Repeat until all 
words have been entered. 



3-31. Manual Program Entry 

3-32. The front panel controls may be used to 
load programs manually into memory. These are 
generally used only to load simple programs, such 
as the bootstrap programs given in paragraph 3-35, 
because of the slowness of the process. However, 
they may be used to load programs of any length 
desired. Use of the front panel switches and 
indicators to display and enter data is described in 
paragraph 3-13. 

3-33. The procedure for manually loading a pro- 
gram is as follows: 

a. Press computer RESET switch. 

b. Set program counter register to starting loca- 
tion of program, if other than location 0. 

c. Set DISPLAY SELECTOR switch to MB 
position. 

d. Enter first word of program into memory 
buffer register. 



3-28. PROGRAM LOADING 

3-29. Initial program loading into the 704 Pro- 
cessor can be initiated in any one of five ways: (1) 
if short, it can be entered manually via the front 
panel switches for execution; (2) it can be entered 
via the DIO bus, using a manually entered boot- 
strap loader; (3) it can be entered via the DIO bus, 
using an optional hardware bootstrap loader; it can 
be entered via the DMA or DIO bus, using a DMA 
magnetic tape or DMA disc memory controller 
entered loader; or (5) it can be entered from a 
numiber of sources under control of a resident 
X-RAY executive program. 

3-30. Absolute or relocatable object programs may 
be loaded under control of the X-RAY executive 
program. This program is covered in the system 
software manuals. Absolute programs may also be 
loaded manually, by paper tape bootstrap, by 
automatic bootstrap hardware, or via the direct 
memory access bus, as previously noted. These 
operations are covered in paragraphs 3-35 through 
3-43. 



e. Press ENTER switch. Word will be entered into 
memory location addressed by program counter 
register and program count will be incremented 
by one. 

f. Clear memory buffer register, enter next word 
into register, and press ENTER switch. Repeat 
until entire program is loaded. 

g. Reenter program starting location into program 
counter register. 

3-34. After the program is loaded, accuracy can be 
verified by pressing the DISPLAY switch and 
comparing the display contents of the location 
with the program listing. The program counter 
register is incremented to the next location each 
time the DISPLAY switch is pressed, and each 
entry will be displayed in turn. 

3-35. Paper Tape Bootstrap Program Loading 

3-36. Absolute programs on punched paper tape 
may be loaded by means of a simple, manually 
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entered bootstrap program. The program may be 
loaded from the paper tape reader of the teletype- 
writer set or from a high-speed paper tape reader if 
one is included in the system. 

3-37. The SENSOR diagnostic programs must be 
loaded with a paper tape bootstrap program; the 
X-RAY executive program cannot be used for this 
purpose. However, a special SENSOR bootstrap 
program, which in itself is a diagnostic program, is 
used to load the SENSOR diagnostic programs. 
This bootstrap program and its use are described in 
the 704 Sensor Diagnostic Manual. 

3-38. The bootstrap programs for the two paper 
tape readers are similar, but the device addresses of 
the readers are different. This requires only a 
change in the Fl field of two instructions: the 
second (DOT) and the fourth (DIN). However, the 
teletypewriter set is always assigned to interrupt 
level 0, while the high-speed reader may be 
assigned to level or a different level in systems 
with more than one interrupt level. If the high- 
speed reader is not assigned to level 0, the locations 
where the bootstrap program is entered will be 
different, and several instructions must be altered 
to reflect the correct interrupt level. 

3-39. The specific bootstrap program for the 
teletypewriter set paper tape reader is given in 
table 3-2. A more general bootstrap program for 
the high-speed paper tape reader that applies to 
any interrupt level is given in table 3-3. In this 
program, the interrupt level is represented by the 
letter ''n" and it is necessary to evaluate the 
expressions for the particular value of n and to 
insert the result into the locations and instruction 
fields. (If n = 0, the resulting program is the same 
as the program given in table 3-2, except for the 
differences in device addresses.) 

3-40. Use of the bootstrap programs to load 
programs from paper tape is the same for both 
readers with one exception. The DOT instruction 
starts the high-speed reader but only selects the 
paper tape reader mode in the teletypewriter set 
controller. The teletypewriter set reader must be 
started manually after the processor RUN switch is 
pressed. 



3-41. The procedure for loading a program by 
means of the paper tape bootstrap program is as 
follows: 

a. Press processor RESET switch. 

b. Enter applicable paper tape bootstrap program 
(table 3-2 or 3-3) manually (paragraph 3-31). 

c. Press processor RESET switch. 

d. Set index register (paragraph 3-19) to the byte 
origin of the program minus 12 (Cie) bytes. 
The byte origin is twice the word origin. 

Note 

The first 12 characters on standard 
program tapes contain information that 
is used by the X-RAY executive pro- 
gram, but not by the bootstrap program. 
Setting the index register to 12 bytes less 
the program origin compensates for 
these leading characters and places the 
first character of the program into the 
correct byte location. 

e. Load tape into paper tape reader. 

f. Press processor RUN switch, ^f the high-speed 
reader is being used, the reader \,:11 be started, 
and the program counter will be incremented as 
the program is loaded. If the teletypewriter set 
paper tape reader is being used, it is necessary 
to move the reader control lever to the START 
position (after pressing the processor RUN 
switch) to start the reader. 

g. When the program has been loaded, press the 
processor HALT and RESET switches. 

h. If the teletypewriter set paper tape reader was 
used, move control lever to STOP position. 



3-42. Hardware Bootstrap Program Loading 

3-43. (Information is not available at this time.) 
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Table 3-2. Teletypewriter Set Paper Tape Reader Bootstrap Program 



Location 


Contents 


Label 


Symbolic 


Comments 





0020 




ENBO 


Enable interrupt 


1 


8004 




LDW SERV 


Interrupt service address 


2 


03E9 




DOT E, 9 


Select PTR mode 


3 


1003 




JMP$ 


Wait for interrupt 


4 


02ED 


SERV 


DIN E,D 


Input frame 


5 


0800 


TEST 


SAZ 


Not all O's 


6 


0401 




IXSl 


Yes, increment IXR 


7 


0010 




INRO 


No, restore interrupt 


8 


0638 




LLB X'38' 


Load STB*0 code 


9 


300A 




STB/TEST 


Change TEST to STB*0 


A 


0010 




INRO 


Restore interrupt 



Table 3-3. High-Speed Paper Tape Reader Bootstrap Program 



Location 


Contents 


Label 


Symbolic 


Comments 


4n+0 


002n 




ENBn 


Enable interrupt n 


4n + 1 


800(4n + 4) 




LDW SERV 


Interrupt service address 


4n + 2 


03D9 




DOT D, 9 


Start tape 


4n + 3 


100(4n + 3) 




JMP$ 


Wait for interrupt 


4n + 4 


02DD 


SERV 


DIN D,D 


Input frame 


4n + 5 


0800 


TEST 


SAZ 


Not all O's 


4n + 6 


0401 




IXSl 


Yes, increment IXR 


4n + 7 


OOln 




INRn 


No, restore interrupt n 


4n + 8 


0638 




LLB X'38' 


Load STB*0 code 


4n + 9 


300(8n + A) 




STB/TEST 


Change TEST to STB*0 


4n + A 


OOln 




INRn 


Restore interrupt n 


Note: n = i 


nterrupt level (0 — 1 


.5) of high-speed 


paper tape reader. 
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3-44. Direct Program Loading 

3-45. Programs may be loaded directly into mem- 
ory from magnetic tape or disc storage via the 
direct memory access (DMA) bus. The word origin 
of the program is set into the device controller, and 
program loading is initiated by pressing a LOAD 
switch. 

3-46. The program is loaded automatically and, 
except for using the memory access logic, is 
completely independent of the CPU. No com- 
mands or status are exchanged on the data input- 
output (DIO) bus, and no interrupts are involved. 

3-47. Operating instructions for direct program 
loading via the DMA bus are contained in the 
manuals covering the controllers that can perform 
this operation. 

3-48, PROGRAM EXECUTION 

3-49. Programs can be executed in any one of 
three modes: run, single command, and single step. 
Further, the program can be modified by testing 
any of four SENSE switches on the front control 
panel or an external sense hne (EXSENS-) which is 
part of the DIO bus. Use of the SENSE switches 
and the external sense line is a function of the 
individual program and is covered in the program 
description and operating procedures. The three 
operating modes are discussed in the paragraphs 
that follow. 



3-50. Run Mode 

3-51. In the run mode, the program is executed at 
normal processing rates until a program halt occurs 
or the HALT switch is pressed. Execution of the 
program may be interrupted by devices on the DIO 
and DMA buses but will be resumed when the 
interrupt or direct memory access operation is 
completed. The initial conditions that must be set 
up before the program is executed are given in the 
program description. The procedure for executing 
a program in the run mode is as follows: 

a. After program is loaded (paragraph 3-28), press 
processor HALT and RESET switches. 



b. Enter data input index and accumulator regis- 
ters (paragraph 3-19) if called for in program 
description. 

c. Enter data into memory locations (paragraph 
3-24) if called for in program description. 

d. Enter address of first program instruction into 
program counter register (paragraph 3-17). 

e. Set SENSE switches as specified in program 
description. 

f. Prepare peripheral equipment as specified in 
program description. 

g. Press processor RUN switch. 

3-52. Single-Command Mode 

3-53. In the single-command mode, one complete 
program instruction is ^executed and the machine 
halts each time the COMMAND switch is pressed, 
regardless of the number of machine cycles re- 
quired to execute the instruction. This mode is 
normally used for program debugging and as a 
maintenance aid when it is desired to observe the 
execution of complete instructions individually. 

3-54. The processor enters the single-command 
mode from the halt state each time the COM- 
MAND switch is pressed and returns to the halt 
state after fetching and executing one instruction. 
Normal program execution can be resumed at any 
time by simply pressing the RUN switch. 

3-55. Single-Step Mode 

3-56. In the single-step mode, one instruction 
phase is executed each time the STEP switch is 
pressed. This mode is normally used as a mainte- 
nance aid when it is desired to observe the 
progression from phase to phase of instructions 
and the execution of each phase. 



3-57. The single-step mode must be entered from 
the halt state. The first time the STEP switch is 
pressed a single-step flip-flop is set and the 
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processor advances from the halt state to the 
instruction fetch phase (instruction phases are 
discussed in Section IV.) The instruction is fetched 
from memory but is not executed. The next 
operation of the switch causes the operations 
performed by the instruction during the fetch 
phase to be executed after which the processor 
advances to the next phase of the instruction and 
stops before executing it. Pressing the switch again 
executes this next phase. After the last phase of 
the instruction is executed, execution of the next 
instruction is started the next time that the STEP 
switch is pressed. The processor does not return to 



the halt state at the end of each instruction. 

3-58. The single-step mode can only be terminated 
by pressing the processor HALT switch (or by a 
system reset). This resets the single-step mode 
flip-flop and allows complete instructions to be 
executed in the single-command mode or normal 
program execution in the run mode. If the pro- 
cessor is not in the halt state when the HALT 
switch is pressed, the remaining phases of the 
instruction being executed are completed without 
stopping, and the computer returns to the halt 
state. 
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Section IV 
THEORY OF OPERATION 



4-1. GENERAL 

4-2. This section contains a discussion of the 
theory of operation of the 704 Processor at the 
block diagram and logic diagram levels. The logic 
diagrams referred to in text are grouped in Section 
VI for convenience of reference. 

4-3. Insofar as possible, the text is arranged so that 
subjects are discussed before a knowledge of one 
subject is required to understand another subject. 
However, this logical progression from subject to 
subject cannot always be maintained because of 
the complex interrelationships between the ele- 
ments of any digital computer. Where it is neces- 
sary to introduce into the discussion a subject that 
has not previously been covered, cross-references 
to the paragraphs where the subject is discussed are 
given. Cross-references are also used to refer to 
subjects previously discussed to avoid repetition. 

4-4. References to the logic diagrams are by 
drawing number. In order to identify the specific 
logic elements that are being discussed on the 
diagrams, the inputs that perform a particular 
function are identified in parenthesis in the discus- 
sion. For example, several gates may be OR'ed to 
produce a given signal. When discussing a given 
operation, one of these gates is used to generate 
the output signal. The inputs to that gate, which 
represent the conditions that must be true for this 
particular operation, are included in parenthesis in 
the description. 

4-5. The central processor unit (CPU) of the 704 
Processor may contain a multiply-divide option 
that permits the direct multiplication or division of 
two numbers by executing a single instruction 
rather than a multi-instruction multiply or divide 
routine. The logic for this option is contained on a 



separate printed wiring board assembly installed in 
the main cabinet with the CPU logic. In most cases, 
the multiply-divide logic represent additions to the 
instruction decoder, additions to the sequence 
counter, additions to the index register input gates, 
etc. All of the multiply-divide logic and its effect 
on other functions of the CPU is discussed sepa- 
rately in the description of the multiply-divide 
option (paragraph 4-280). 

4-6. Word formats, instruction formats and defini- 
tions, etc. appUcable to the 704 Processor are 
covered in the 704 User's Manual, Bulletin SP-351; 
and a knowledge of the contents of this manual is 
assumed. Information given in the reference man- 
ual is not repeated here except as necessary for 
clarity or completeness of an explanation. 

4-7. BASIC COMPUTER CONFIGURATION 
(Figure 4-1) 

4-8. A basic 704 Processor is defined as the CPU 
without logic for the direct multiply-divide func- 
tion; timing and control logic with one channel of 
priority interrupt control; a teletypewriter set 
controller; and a 4096- to 16,384-word core 
memory without parity check or the direct mem- 
ory access (DMA) feature. By definition, the CPU 
consists of a 16-bit two's-complement adder and 
the following data registers: 

16-bit Accumulator (ACR) 

5-bit Memory Address Extension Register 
(EXR) 

8-bit Instruction Register (INR) 
16-bit Index Register (IXR) 
15-bit Memory Address Register (MAR) 
16-bit Memory Buffer Register (MBR) 
15-bit Program Counter Register (PCR) 
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A 4-bit iteration counter (ICR) and five 1-bit status 
storage registers (not shown in the block diagram) 
complete the CPU. The status storage registers 
include a right-left byte select register (CCFBYTE), 
a local-global mode register (CCFGLB), two adder 
comparator registers (ADFEQL and ADFNEG), 
and an adder overflow register (ADFOVF). 

4-9. By way of initial orientation to the processor, 
the block diagram shows the major data transfer 
paths over which the various elements of the 
processor communicate with one another. A 
thorough study of this diagram shows many 
particulars about data flow within the 704 Pro- 
cessor. For example, memory location addresses 
must come from the memory address register, even 
when the DMA option is employed. Also, instruc- 
tions fetched from memory are loaded into the 
instruction register through the memory buffer 
register. Further, the program counter register is 
the only register that transfers data directly rather 
than through the adder. And finally, only the 
accumulator register is accessible through the DIG 
bus interface. 

4-10. The adder inputs, gates A and B, are the 
only means by which' data can be apphed to the 
adder. Both gates are used simultaneously for 
arithmetic and logical operations. During load- 
from-memory operations, data is transferred from 
the memory buffer register to the accumulator 
through the B-gates. Conversely, data is transferred 
from the accumulator to the memory buffer 
register through the A-gates during store-into- 
memory operations. The A-gates are also used for 
copy, invert, complement, and increment program 
counter register operations. 

4-11. CPU TIMING (Figure ^-2) 

4-12. The basic timing interval in the CPU is the 
"machine cycle". The time required to complete 
one machine cycle in the 704 Processor is 1.0 /xs, 
and the cycle consists of five clock periods of 
200 jLts each. Intervals between clocks within a 
machine cycle are designated time periods TO 
through T4, in the order of their occurrence. 

4-13. No particular significance can be assigned to 
the individual time periods that apphes generally in 



all cases. The same action may be performed in one 
time period in one instruction and in a different 
time period in another instruction. Also, the 
actions performed during one machine cycle (en- 
abling, loading, decision making, shifting, etc) may 
be completely different from those performed in 
the next machine cycle. Therefore, the significance 
of the time periods must be related to the 
particular operations being performed. 

4-14. See timing diagrams, figure 4-3. The time 
periods are defined as the interval from the trailing 
edge of one clock to the trailing edge of the 
following clock pulse. Signals are gated during the 
time period and are clocked by the clock pulse that 
occurs at the end of the period. Each clock pulse is 
75 ns wide, ideally. Type D flip-flops used in all 
seven major registers of the CPU are positive-edge 
triggered. These receive inverted clock signals; 
consequently, transition occurs in these flip-flops 
coincident with clock pulse trailing edges at the 
end of the period, as prescribed. The type J-K 
flip-flops used for other CPU functions are 
negative-edge triggered. Clock leading edges, which 
occur 75 ns prior to the end of the time period, 
enable the clocked inputs to these flip-flops, and 
the trailing edges trigger transition. 

4-15. The direct set and reset inputs to flip-flops 
of both types are not clocked, and the flip-flops 
may be set or reset asynchronously by signals 
applied to these inputs. They respond to negative- 
true (0 V) level signals. 

4-16. Clock Logic 

4-17. The clock logic (Drawing 394562, Sht 10) is 
contained on the Memory Control card. A 20-mHz, 
crystal-controlled oscillator supplies the primary 
time standard for the processor. It runs at all times 
when power is applied to the CPU, and its 
KK20MCF signal output is used to clock a six-stage 
frequency divider continuously. 

4-18. Flip-flops CO through C5 are arranged as a 
ring counter and perform divide-by-four frequency 
division. A three input AND gate delivers a 1 to the 
first flip-flop, C3, when the first three flip-flops are 
in the state. This 1 is propagated down the ring 
by each KK20MC clock pulse followed by O's until 
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Figure 4-2. Clock Logic and Distribution Block Diagram 
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it reaches flip-flop CO, at which time another 1 is 
delivered to the counter. The states of flip-flops C5 
and C4 "follow" those of flip-flops C3 and C2, 
respectively. 

4-19. The basic clock, KKFCLK, is generated by a 
type J-K flip-flop that is directly set by the first 
positive-going edge of KK20MC that occurs in the 
time interval when divider flip-flop C2 is set. The 
flip-flop is toggled reset approximately 75 ns later 
by the negative edge of KKCLKDLY. This occurs 
on the negative edge of the KK20MC pulse when 
flip-flop CI is set. KKFCLK generated clock pulses 
are delivered to two ungated clock drivers in 
parallel and two gated clock drivers in parallel for 
distribution to the rest of the computer system 
(paragraph 4-23). 

4-20. A five stage ring counter, consisting of 
fhp-flops TIRCO through TIRC4, counts the basic 
clock pulses and divides the machine cycle interval 
into its five constituent time periods. Type J-K 
flip-flops are used, clocked by ungated clock driver 
output KKUNG. When the first four flip-flops are 
in the reset state (TIRCO- TIRCl- TIRC2- TIRC3-), 
the set input of TIRCO is enabled to set the 
fhp-flop on the trailing edge of the next clock. The 
setting of TIRCO disables the set input, and 
succeeding clocks cause TIRCl, TIRC2, TIRC3, 
and TIRC4 to be set in turn, while the preceding 
flip-flop in the ring is reset. Each circulation 
through the ring, from TIRCO being set to TIRC4 
being reset, constitutes one machine cycle. 

4-21. Timing signals TO, T2, and T4 are supplied 
to devices on the data input-output (DIO) bus and 
optional direct memory access (DMA) bus to 
synchronize their operation with the operation of 
the CPU. These signals are inverted and transmitted 
as negative-true signals on the DIO bus (MTO-, 
MT2-, and MT4-) and by the optional DMA card, 
when used (DMTO-, DMT2-, and DMT4-). 

4-22. A TIRCA/TIRCB flip-flop provides a further 
subdivision of the machine cycle into two compo- 
nents. This flip-flop is set by the clock that resets 
TIRC4, producing the TIRCA phase output during 
time periods TO and Tl. The flip-flop is reset by 
the same clock that resets TIRCl, producing the 
TIRCB (TIRCA-) phase output during time periods 



T2, T3, and T4. This two state cycle is repeated 
every machine cycle, and the outputs TIRCA and 
TIRCB are used as a convenience in mechanizing 
the CPU timing logic (paragraph 4-222). 

4-23. Clock Distribution 

4-24. A continuous train of KKFCLK clock pulses 
is provided by the ungated clock drivers as long as 
power is applied to the CPU. These outputs include 
an inverted, negative-true KEXTl- output to the 
DIO bus for external clocking of device controllers 
connected to the bus. The basic ungated clock has 
the generic name KKUNG but is renamed KKA, 
KKB, and KKC for distribution. These "letter" 
names merely identify clock lines from a common 
(KKUNG) source. Thus, clock line KKA distributes 
KKUNG clock pulses to Arithmetic cards 1, 2, and 
3; clock line KKB distributes KKUNG clock pulses 
to Arithmetic card 4, the Sequence Counter card, 
and the Adder Flip-Flop card; and line KKC 
distributes KKUNG clock pulses to the option 
cards in use. Notice (figure 4-2) that the optional 
DMA card provides an inverter for negative-true 
clock output KEXT2- that is used to externally 
clock device controllers connected to the DMA 
bus. 

4-25. The gated clock drivers provide KKFCLK 
clock pulses under the on-off control of gating 
signals CCCLKEN from the Sequence Counter card 
and CCFCLK from the optional DMA card. Both 
of these signals must be true to output KKGAT 
gated clock pulses for distribution. CCCLKEN is 
made false to halt CPU operation and momentarily 
true to pass clocks in the single step mode of 
operation. The logic for this clock control term is 
discussed in paragraph 4-46. 

4-26. Signal CCFCLK is made false to suspend 
CPU operation while a device controller on the 
DMA bus has direct access to memory. This signal 
will always be in the true state when the DMA 
option is not installed. The logic for this clock 
control term is discussed in paragraph 4-545. 

4-27. The generic name KKGAT identifies the 
output of the gated clock drivers but changes to 
KKl, KK2, and KK3 for distribution. These 
"number" names merely identify gated clock lines 
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from a common (KKGAT) source. Thus, clock line 
KKl distributes KKGAT clock pulses to Arith- 
metic cards 1, 2 and 3; clock line KK2 distributes 
KKGAT clock pulses to Arithmetic card 4 and to 
the Sequence Counter card; and clock line KK3 
distributes KKGAT clock pulses to the Adder 
Flip-Flop and Instruction cards. 

4-28, CPU CONTROL 

4-29. The CPU control logic (Drawing 394557, 
Sht 10) includes the operating controls and indi- 
cators on the front control panel and their asso- 
ciated logic on the Sequence Counter card, two 
synchronizing flip-flops, and five control flip-flops. 
The switches and indicators used for manual 
display or entry of data are not included in the 
CPU control logic. The display-enter logic is 
covered in paragraph 4-73, and the program coun- 
ter controls and indicators are included in the 
program counter logic (paragraph 4-131). 

4-30. System Reset 

4-31. The 704 processing system may be reset 
manually any time power is on and the lockout 
switch is in the "unlocked" position by pressing 
the RESET switch on the front control panel. This 
action appKes a ground to the CPSWRST- input of 
nip-flop CCFRST. The rising edge of clock 
KKSYN sets the CCFRST flip-flop at the end of a 
machine cycle (T4 KKB) and it remains set until 
the same time in the cycle following the release of 
the switch. The flip-flop will automatically be set 
by a momentary ground applied to power failsafe 
reset line PFRST- when the system power ON or 
OFF switch is pressed, when the optional Power 
Failsafe card is not installed. (Paragraph 4-751 
discusses system reset when the power failsafe 
option is in use.) 

4-32. During the time CCFRST is true, a ground 
level is applied to lines ACRDR-, MBRDR-, 
IXRDR-, and PCRDR- which causes direct reset of 
the accumulator, memory buffer register, index 
register, and the program counter, respectively. 
Signal CCFRST also enables power gates for 
external reset lines REXTl- and REXT2- that go to 
DIO and DMA peripheral device controllers. These 
lines are held to ground whenever the power on-off 



switches are pressed or the power failsafe option 
applies a reset signal. Finally, master reset line 
MRESET- goes to ground when CCFRST is true, 
causing the sequence counter, instruction register, 
extension register, iteration counter register and 
other control flip-flops to be reset to system 
initializing states. 

4-33. Certain registers may be cleared selectively. 
Pressing the PROGRAM COUNTER CLEAR 
switch grounds line CPSWPCLR- and the PCRDR- 
direct reset line to the program counter register. 
Setting the DISPLAY SELECTOR switch to the 
AC position grounds reset logic input line 
CPSWDSAC-, making CPDSAC true to enable the 
ACRDR- gate. When the SELECTED DISPLAY 
CLEAR switch is pressed, line CPSWDCLR- is 
grounded, causing CPDCLR to go true which 
causes the accumulator register to receive an 
activating ground on direct line ACRDR-. In 
similar manner, setting the DISPLAY SELECTOR 
switch to the MB or IX positions grounds lines 
CPSWDSMB- or CPSWDSIX-, respectively, to 
enable either the MBRDR- gate to the memory 
buffer register or the IXRDR- gate to the index 
register. Pressing the CLEAR switch then activates 
the enabled gate and resets the selected register. 

4-34. Control Switch Operation 

4-35. With the exception of data entry, RESET, 
and CLEAR switches, all operating control 
switches are followed by latching circuits, con- 
sisting of two cross-connected NAND gates. These 
circuits eliminate the effects of contact bounce and 
the ambiguity that exists when the common 
contact of these single-pole, double-throw switches 
is transferring between the normally-open and the 
normally-closed contacts. No latch is required on 
the RESET, CLEAR, and data switches because 
these are used as single-pole, single-throw type (no 
ambiguity), and contact bounce has no effect upon 
this operation. 

4-36. All control switch latches (CPHALT, 
CPRUN, etc) operate in the same manner. Each has 
two inputs, one connected to the normally-closed 
and one to the normally-open contacts of the 
associated control panel switch. The common 
(switching) contacts of all switches are connected 
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to ground through a key operated LOCKOUT 
switch, and toggling of a latch occurs when the 
ground level makes contact with one of the two 
latch inputs. Turning the LOCKOUT key switch to 
the "locked" position deactivates the switches by 
removing the ground from their common contacts 
and applying it to the CPSWMLCK- line. This 
keeps the outputs of all protected latches at the 
last level assumed. The four SENSE switch latches 
(CPSENSO through CPSENS3) are not protected in 
this manner. 

4-37. AuxHiary CPSWDSMB- input gates to the 
activated side of the DISPLAY and ENTER switch 
latches (CPDIS and CPENT) prevent these outputs 
from becoming true unless the DISPLAY SELECT 
switch is in the MB position (ground on 
CPSWDSMB- line). In effect, the DISPLAY and 
ENTER switches will be locked out and inopera- 
tive unless access to the memory buffer register is 
selected. 



4-38. Control Switch Synchronization 

4-39. Two flip-flops, CCFSYNl and CCFSYN2, 
synchronize the asynchronous activity of the con- 
trol switch latch output signals to the machine 
cycle. Both flip-flops are initially in the reset state. 
As long as the direct memory access option is not 
active (CCFCLK true), the set input gate of the 
type-D CCFSYNl flip-flop is enabled. Set input 
signal CCFSYNll, mechanized in the form 
[CPHALT-(CPDIAEN + SCDCIFO-]-, is equivalent 
to the expression CPHALT + CPDIS + CPENT + 
CPRUN + CPSCM + CPSSTP. In other words, 
activation of any one of the primary control switch 
latches will make the set input CCFSYNIS true. 

4-40. The operation of the synchronization flip- 
flops is shown in a timing diagram, figure 4-4. 
KKSYN and KKSYNA clock pulses consist of 
ungated KKB clocks that occur at the end of each 
T4 time period. When a switch latch goes true, the 
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rising edge of the next KKSYNA clock sets 
CCFSYNl. This enables the set input of flip-flop 
CCFSYN2, which is set by the falling edge of the 
next KKSYN clock one machine cycle later. The 
setting of CCFSYNl disables the CCFSYNl input 
gate, making CCFSYNIS false. Consequently, 
CCFSYNl will be reset by the rising edge of the 
next KKSYNA clock, which occurs when 
CCFSYN2 is set and cannot be set again until 
CCFSYN2 has been reset. To reset CCFSYN2, the 
control switch must be released to deactivate the 
switch latch which is making signal CCFSYNll 
true. The falling edge of the KKSYN clock 
following release of the switch resets CCFSYN2 
and restores the synchronization flip-flops to their 
initial inactive state. Execution of switch selected 
control functions occurs during the machine cycle 
that flip-flop CCFSYNl is set. The CCFSYN2 
flip-flop is used only to lock out subsequent setting 
of CCFSYNl while the switch remains activated. 

4-41. Run Control 

4-42. Pressing the RUN switch starts the CPU. 
How this is effected is shown in a timing diagram, 
figure 4-5. Flip-flop CCFRUN is the controlling 



element. Its set input can only be activated by the 
true state of RUN switch latch output CPRUN 
synchronized by the setting of CCFSYNl. The 
KKMCENMA clock pulses used by the CCFRUN 
flip-flop are similar to KKSYN clock pulses in 
timing (T4 KKB), but are inhibited during single 
step operations, when signal CCCLKEN is false. 

Note 

In order to obtain a direct reset input for 
the CCFRUN flip-flop, it was necessary 
to invert its logical states; that is, the 
K-input is used as the set input and the 
Q-output is used as the true output. 

4-43. Once run control flip-flop CCFRUN is set, 
the sequence counter that controls CPU operation 
can advance from its idle state. Operation of the 
sequence counter is discussed in paragraph 4-98. 
With signal CCFRUN true, a CPRUNL- driver 
applies a ground to the return side of the front 
panel RUN indicator lamp to light it. 

4-44. The CCFRUN flip-flop will remain set and 
the CPU will continue to operate in the run mode 
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until a HLT instruction is executed (SCDCIA 
INDCOOO) or the HALT switch is pressed 
(CPHALT CCFSYNl). Either condition will cause 
the trailing edge of the next KKMCENMA clock to 
reset CCFRUN at the end of the machine cycle. 
With signal CCFRUN- true, a CPHLTL- driver 
applies a ground to the return side of the front 
panel HALT indicator lamp to light it. At the same 
time, the RUN indicator lamp will go out. 

4-45. Use of the RESET switch to halt the CPU 
will directly reset flip-flop CCFRUN (applies 
CPSWRST- to CCFRUNDS- input) without regard 
to time period or instruction execution phase. This 
is an incorrect operating procedure and must not 
be used because of the danger of introducing errors 
into the program, the contents of memory, and 
data transmission over the DIO and DMA busses. If 
the optional DMA card is installed, detected 
memory parity errors will also halt the CPU by 
resetting the CCFRUN flip-flop (PARER- signal 
applied to negative-true CCFRUNDS OR-gate). 

4-46. Single-Step Operation 

4-47. In single-step operation, the program is 
executed one machine cycle at a time. Each time 
that the SINGLE STEP switch is pressed, the CPU 
operates for one machine cycle then pauses until 
the switch is pressed again. The term "pause" is 
used rather than ''halt" because the sequence 
counter does not return to the halt state after each 
step but remains in the appropriate instruction 
execution phase. 

4-48. The pauses between steps are effected by 
inhibiting the distribution of gated clock signals 
throughout the CPU. When the SINGLE STEP 
switch is pressed for the first time at the start of 
the single-step operation, single-step control flip- 
flop CCFSTP is synchronously set (CPSSTP 
CCFSYNl), and distribution of gated clock pulses 
is inhibited, starting at the end of the machine 
cycle during which signal CCFSYNl is true 
(CCFSSTP- and CCFSSTPS are both false, making 
clock gate enable signal CCCLKEN false). The 
setting of flip-flop CCFSSTP causes driver 
CPSSTPL to provide a ground return for the 
SINGLE STEP indicator lamp, lighting it. 



4-49. The CPU must be halted before operating in 
single-step mode, so the sequence counter will 
advance from the halt state to the instruction fetch 
phase (discussed in paragraph 4-98) at the same 
time that distribution of gated clock pulses is 
inhibited. The instruction fetch operation is not 
executed until the SINGLE STEP switch is pressed 
again. 

4-50. Pressing the SINGLE STEP switch the sec- 
ond time again makes signals CCFSSTPS and 
CCCLKEN true for one machine cycle, during 
which one instruction phase is executed. The 
sequence counter enters the next instruction phase, 
and clock distribution is inhibited once again at the 
end of the cycle. This sequence of operations is 
repeated each time the SINGLE STEP switch is 
pressed. 

4-51. Single-step operation is terminated by pres- 
sing the HALT switch. This action synchronously 
resets the CCFRUN and CCFSSTP flip-flops at the 
end of the current machine cycle (CPHALT 
CCFSYNl KKSYN). The resetting of CCFSSTP 
makes the SINGLE STEP lamp go out and enables 
the distribution of gated clock pulses once again 
(CCCLKEN true). If the sequence counter is not in 
the halt state when the flip-flop is reset, the 
instruction execution cycle or interrupt service 
cycle in progress will be completed, the sequence 
counter will enter the halt state, and CPU opera- 
tion will stop because the run control flip-flop 
CCFRUN is in the reset state. 

4-52. Single Command Operation 

4-53. In single command operation, the program is 
executed one instruction at a time, irrespective of 
the number of machine cycles required to execute 
an instruction. The CPU must be halted when the 
SINGLE COMMAND switch is pressed to operate 
in this mode. No control flip-flop is associated with 
the SINGLE COMMAND switch; the single- 
command operation being entirely controlled by 
the sequence counter logic (discussed in detail in 
paragraph 4-111). 

4-54. When the CPU is halted and not set for 
single-step operation (CCFRUN- CCFSSTP- true), 
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sequence counter "steering" signals CCSCM will be 
true and CCSCM- will be false. Pressing of the 
SINGLE COMMAND switch causes switch latch 
output CPSCM, synchronized by CCFSYNl, to 
advance the sequence counter from the halt state 
into the instruction fetch phase at the beginning of 
a machine cycle. Normally, after the end of 
command execution is detected, the sequence 
counter will return to the instruction fetch phase 
to continue program processing, unless the run 
control flip-flop has been reset. However, with 
steering signal CCSCM true, the sequence counter 
returns to the halt state at the end of the 
instruction execution cycle. Repeated pressing of 
the SINGLE COMMAND switch will cause the 
CPU to fetch and execute one instruction and 
return to halt each time the switch is pressed. 

4-55. Manual Memory Display and Entry 

4-56. The DISPLAY and ENTER switches are 
used to display or enter manually a word in 
memory while the CPU is halted. The word is 
displayed or entered via the memory buffer regis- 
ter, and the SELECTED DISPLAY switch must be 
set to MB. The word in the memory buffer register 
is displayed and entered through the SELECTED 
DISPLAY switches and indicators (discussed in 
paragraph 4-470). 

4-57. The initial memory location address to be 
accessed is placed into the program counter register 
by first clearing the register and then entering the 
address by means of the PROGRAM COUNTER 
switches. When either the DISPLAY or ENTER 
switch is pressed, by signal CPDIAEN is true 
(CPDIS- CPENT-)-. This signal, synchronized by 
the setting of CCFSYNl, makes memory control 
term MCENB2 true, and MCENB2 gated with time 
period Tl (PCLDAD logic) and KKl (KKPC logic) 
increments the program count by one. During the 
same machine cycle, a memory read/write opera- 
tion is executed (MCRW- logic) to load the 
memory buffer register with the contents of the 
address memory location for display or to store the 
manually entered contents of the memory buffer 
register into the memory location addressed. Incre- 
menting of the program count is discussed in 
paragraph 4-241, memory addressing is discussed in 
paragraph 4-387, and data transfer to and from the 



memory buffer register is discussed in paragraph 
4-444. 

4-58. Sense Switches 

4-59. The SENSE switches (Dwg 394557, Sht 11) 
are used to modify the execution of programs. 
Instructions SSO through SS3 are used to test 
("sense") the positions of the switches and to 
direct the execution of the program accordingly. 
Instruction SSE may be used to test an external 
sense line (DIO input EXSENS-) for the same 
purpose. 

4-60. The normal outputs of the SENSE switch 
latches (CPSENSO through CPSENS3) and the 
negative-true (inverted) EXSENS- signal are used in 
the skip condition logic (Dwg 394562, Sht 11), 
and a program skip occurs if the switch being 
tested is off (down) or the external sense line is 
false (+3 V) when tested. Program skips are 
discussed in paragraph 4-139. 

4-61. Byte Control Flip-Flop 

4-62. The byte control flip-flop CCFBYTE (Dwg 
394567, Sht 6) controls the selection of the left or 
right byte of a word in the CPU during the 
execution of a byte instruction (CMB, LDB, or 
STB). 

4-63. During the first machine cycle of a byte 
instruction, the least significant bit of the byte 
memory address is stored in the byte control 
flip-flop when the memory address of the word 
containing the byte is formed (paragraph 4-416). 
The flip-flop will be set (CCFBYTE) if a right, or 
odd numbered, byte is addressed (T4SCDC1C 
INDCBYTE ADSUM15) and is reset (CCFBYTE-) 
if a left, or even numbered, byte is address 
(T4SCDC1C INDCBYTE ADSUM15-). The use of 
the flip-flop outputs to control the selection of the 
left or right byte is discussed in paragraph 4-457. 

4-64. Global Control Flip-Flop 

4-65. The global control flip-flop CCFGLB (Dwg 
394567, Sht 6) selects the memory addressing 
mode when the index bit (bit 04) of the instruc- 
tion word is 1. The indexed global mode is selected 
if the flip-flop is set, and the indexed local mode is 
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selected if the flip-flop is reset. Memory addressing 
is discussed in paragraph 4-375. 

4-66. Two instructions, SGM and SLM, are used 
for program control of the CCFGLB flip-flop. The 
SGM instruction sets the flip-flop at the end of the 
instruction execution cycle (T4SCDC1 INDC005). 
The SLM instruction resets the flip-flop at the end 
of the instruction execution cycle (T4SCDC1 
INDC004). 

4-67. Execution of a JSX instruction causes the 
memory address to be formed in the indexed 
global mode, regardless of the state of the 
CCFGLB flip-flop, then sets the flip-flop at the end 
of the instruction execution cycle (INDC2 
T4SCDC1). The flip-flop is also set automatically 
for global indexing at the end of an interrupt 
service cycle (SCDCD T4) load link phase (Phase 
D). This cycle is discussed in paragraph 4-110. 

4-68. During an interrupt service routine, the prior 
state of flip-flop CCFGLB is stored in bit 08 of the 
machine status word (paragraph 4-612). At the end 
of the interrupt service routine, the machine status 
is restored during the execution of the concluding 
interrupt return INR instruction. When the CPU 
enters phase 9 as the result of the INR instruction, 
the CCFGLB flip-flop is unconditionally reset 
(SCDC9). At the end of the same machine cycle, if 
bit 08 of the machine status word is a 1, the 
flip-flop will be set (SCDC9 T4 MBR08) by toggle 
action. Otherwise, it will remain reset. 

4-69. Interrupt Inhibit Flip-Flop 

4-70. Interrupt inhibit flip-flop ITFINH enables or 
disables the priority interrupt system under pro- 
gram control. It has no effect on the receiving or 
storage of interrupts on the individual interrupt 
levels, but only controls the interrupt output from 
the system to the remainder of the CPU. Operation 
of the interrupt system is discussed in paragraph 
4-576. 



4-71. Two instructions are used to set or reset the 
ITFINH flip-flop. The MSK instruction sets the 
flip-flop at the end of time period T3 of the 
machine cycle in which it is executed (SCDCl 
INDCOOA). As long as ITFINH is set, waiting 



interrupts will not be serviced. Execution of the 
UNM instruction will reset flip-flop ITFINH at the 
end of time period T3 of the machine cycle in 
which it is executed (SCDCl INDCOOB), allowing 
service of interrupts to commence on the next 
machine cycle. A power failsafe reset input, 
PFSINT-, used with the power failsafe option, 
enables the ITFINH flip-flop to be reset whenever 
a power failure occurs to ensure that the power 
failsafe interrupt will be serviced before dc power 
goes down. 

4-72. The interrupt-enable side of the flip-flop 
(ITFINH-) is gated as interrupt service cycle 
control signal CCITCY, when an interrupt is 
waiting (ITWAIT + ITOORQ), except during the 
service cycle itself (phases 7, B, and D). Interrupt 
service cycle operation is discussed in paragraph 
4-607. 

4-73. MANUAL REGISTER DISPLAY AND 
ENTRY 

4-74. Data may be displayed from or entered 
manually into certain registers by means of the 
DISPLAY SELECTOR switch and the SELECTED 
DISPLAY switches and indicators on the front 
control panel. The DISPLAY and ENTER switches 
are not used for this purpose; they control the 
display or entry of a word in memory. Operation 
of these switches is discussed in paragraph 4-55. 

4-75. Data Display 

4-76. The DISPLAY SELECTOR switch enables 
register output lamp drivers from one of five data 
sources for display by the SELECTED DISPLAY 
indicators. When the switch is in the IN position, 
signal DISPIN (CPSWDSIN- inverted) enables gated 
lamp drivers connected to the outputs of the 
instruction register (INRO through INR7), and 
those drivers whose inputs are I's supply a ground 
on return lines DISPOO- through DISP07- to light 
the respective SELECTED DISPLAY indicator 
lamps through 7. Also, special encoding logic 
associated with DISPIN enabled lamp drivers 
DISP12- through DISP15- provides the state of the 
sequence counter, displayed in hexadecimal-to- 
binary form by indicators 12 through 15. Thus, 
phase 1 will be displayed as 0001, phase 9 as 1001, 
phase C as 1100, etc. 
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4-77. A machine status word will be displayed 
when the DISPLAY SELECTOR switch is in the 
MS position. Signal DISPMS (CPSWDSMS- in- 
verted) enables the appropriate lamp drivers for 
this display. Data displayed includes the contents 
of the extension register (EXROO through EXR04) 
on lamps through 4; the states of adder flip-flops 
ADFNEG, ADFEQL, and ADFOVF on indicators 
5, 6, and 7, respectively; and the state of global 
control flip-flop CCFGLB on indicator 8. 

4-78. In the MB position of the switch, signal 
DISPMB gates the contents of the memory buffer 
register (MBROO through MBR15) into lamp dri- 
vers for SELECTED DISPLAY indicators 
through 15. 

4-79. In the IX and AC positions, signals DISPIX 
and DISPAC gate the contents of the index register 
(IXROO through IXR15) and the accumulator 
register (ACROO through ACR15), respectively, 
and the contents of the register selected are 
displayed by indicators through 15. 

4-80. Data Entry 

4-81. Only three positions of the DISPLAY 
SELECTOR switch may be used for entering data: 
MB, IX, and AC. In addition to enabUng lamp 
drivers for content display, signals DISPMB, 
DISPIX, and DISPAC produced by these three 
switch positions also enable gates to the direct-set 
inputs of the memory buffer register, the index 
register, and the accumulator, respectively, con- 
necting them to the SELECTED DISPLAY data 
entry switches (buffered by DISPENB gates). 

4-82. To change the contents of one of the three 
registers having manual data entry capability, the 
DISPLAY SELECTOR switch is first set to the 
appropriate position. This displays the contents of 
the register selected and enables the direct-set gates 
to the register. Individual flip-flops in the register 
cannot be reset manually. If it is necessary to 
change the state of some bit from a 1 to a 0, the 
entire register must be reset, and the required I's 
are then reentered manually. The register is reset 
by pressing the SELECTED DISPLAY CLEAR 
switch, as discussed previously (paragraph 4-33). 



4-83. SELECTED DISPLAY switches through 
15 correspond directly with the 16 bit positions of 
the data word. When one of these switches is 
pressed, the direct-set input of the corresponding 
bit position flip-flop in the selected register is 
grounded, setting the flip-flop. Changes in the 
contents of the register can be seen in the data 
displayed by the indicator lamps. 

4-84. INSTRUCTION EXECUTION 

4-85. The 704 Processor program instructions are 
stored in memory and are brought into the CPU 
for execution under the control of the program 
counter. The instructions are fetched and executed 
in the sequence of their memory locations except 
when program skips, jumps, or interrupts occur. 

4-86. The operation codes and the functions per- 
formed by all 704 machine-level instructions are 
described in the 704 User's Manual. Reader famil- 
iarity with the operational functions of the instruc- 
tions is assumed. The discussion here is limited to 
machine-level execution of the instructions. 

4-87. The term ''instruction code" is used in this 
manual rather than "operation code" because the 
former term is used throughout the CPU logic to 
identify the instruction code register, the instruc- 
tion decoding logic, and the resulting control 
signals used by the CPU. A block diagram, figure 
4-6, shows the primary functions in the instruction 
decoding and sequence control logic and the 
sources and destinations of major control signals. 

4-88. Instruction Code Register 

4-89. The code for a 704 instruction may consist 
of one, two, or three hexadecimal characters (4, 8, 
or 12 bits), depending upon the nature of the 
instruction. The first two characters of the instruc- 
tion word (bits 00 through 07) are copied from the 
memory buffer register into the instruction register 
(Dwg 394552, Sht 8). One or both of these 
characters is decoded into intermediate control 
signals. The third character, if required by the 
nature of the instruction, is decoded from corres- 
ponding output bits (bits 08 through 11) from the 
memory buffer register. 
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4-90. The instruction code register consists of 
eight type-D flip-flops (INRO through INR7) 
whose inputs are connected to applicable outputs 
of the memory buffer register (MBROO- through 
MBR07-). The clocks for this register (identical 
signals KKINA and KKINB) are so gated that a 
positive-going clocking edge only occurs at the end 
of time period Tl of the sequencer fetch phase 
(SCDCl). This timing is contingent upon the 
instruction word having been read into the mem- 
ory buffer register within the first 400 ns of the 
fetch machine cycle. 

4-91. The first eight bits of the instruction word 
remain in the instruction code register until the 
fetch phase of the next instruction. However, the 
contents of the memory buffer register may be 
altered during succeeding phases of the instruction 
execution cycle, if any, and the last two characters 
of the instruction word will no longer be available 
in the register. This makes no difference, with two 
exceptions which will be discussed later, because 
these characters are not required after the fetch 
phase. 

4-92. Instruction Decoding 

4-93. The transformation of instruction code char- 
acters held by the instruction register into func- 
tioning control signals for the CPU is accomphshed 
in a minimum of two stages. First, each 4-bit 
character is converted into hexadecimal form. 
Secondly, the hexadecimal character signals repre- 
senting various instructions are combined by gating 
where there is commonality of function. This 
common function gating itself may be done in one 
and in some cases two stages before the final 
control signal is fully formed. Examples of this will 
be discussed shortly. 



4-94. The first stage of instruction decoding, 
binary-to-hexidecimal conversion, is performed by 
four binary-to-octonary converters (Dwg 394552, 
Sht 9); two for the more-significant character 
(inputs INRO through INR3) and two for the 
less-significant character (inputs INR4 through 
INR7). These converters are ungated and un- 
clocked and always provide outputs that are 
equivalent to their inputs from the instruction 



code register. Moreover, they employ negative-true 
logic; hence inputs are applied and outputs are 
received in their inverted form. 

4-95. Consider the operation of the converter for 
the more-significant character (outputs INDCO- 
through INDCF-). If the most-significant bit INRO 
is a 0, one of the outputs INDCO- through INDC7- 
will be low (negative true) according to the states 
of bits INRl through INR3. If INRO is a 1, the 
second binary-to-octonary converter comes into 
play, and one of the outputs INDC8- through 
INDCF- will be low according to the states of bits 
INRl through INR3. Those outputs not activated 
by the detected code state will be high (negative 
false). 

4-96. The binary-to-hexadecimal converter for the 
less-significant character (outputs INDCOO- 
through INDCOF-) functions in an identical man- 
ner but operates with bits INR4 through INR7. 
However, the enabling signals for the first and 
second halves of the converter are INROOENB- and 
INR08ENB-, respectively. If INROOENB- is low 
(positive-true INR4- INDCO), one of the outputs 
INDCOO- through INDC07- will be low, according 
to the states of bits INR5 through INR7. Con- 
versely, if INR08ENB- is low (positive-true INR4 
INDCO), one of the outputs INDC08- through 
INDCOF- will be low according to the states of bits 
INR5 through INR7. Notice that term INDCO is 
common to both enabling signals. This is logically 
consistent with the structure of 704 instructions, 
since the second digit is meaningless except in 
generic instructions (most significant digit is zero). 

4-97. The second level of instruction decoding, 
that of combining converter outputs by function, 
can only be discussed superficially by giving a few 
examples, since this type of gating is extensive in 
the logic and involves use of AND-, OR-, NAND-, 
and NOR-gating, as is most expedient. For exam- 
ple, signal INDCDIO identifies the DIN and DOT 
instructions (INDC02 + INDC03) and is imple- 
mented by a NAND gate. Signal INDCST (equal to 
INDC3 + INDC6 + INDC7) will be true during 
execution of store instructions STB, STX, and 
STW. More of this control signal logic will be 
described in conjunction with the functions they 
control. 
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4-98. Instruction Phase Sequencing 

4-99. Most instructions are executed in one 
machine cycle, but several of them require two or 
more machine cycles to complete. The time 
required to execute each instruction is listed in the 
704 User's Manual. These variations in the time 
required, in increments of machine cycles, make it 
necessary to execute instructions under the control 
of a sequencer that directs the progression from 
one phase of the instruction execution cycle to the 
next, according to the instruction being executed. 

4-100. The basic 704 sequence counter has 10 
discrete states. These states and the conditions or 
instructions that cause the sequence counter to 
progress from one state to another are diagrammed 
in figure 4-7. Each state, other than "Halt", 
represents one phase of an instruction execution 
cycle and lasts for one machine cycle. 

Note 

Two additional sequence counter states 
and additional instruction sequencing 
logic are needed when the multiply- 
divide option is installed. These are 
discussed later, starting at paragraph 
4-280. 

4-101. The term sequence "counter" is a mis- 
nomer. The sequence counter does not "count" at 
all, but advances directly from one phase of an 
instruction execution cycle to the next, according 
to the conditions and instruction being executed. 

4-102. The instruction fetch phase (phase 1) is the 
first phase of the execution cycle for all instruc- 
tions. During this phase, a memory read operation 
loads the instruction word into the memory buffer 
register and the instruction register, where it is 
decoded into appropriate control signals. Many of 
the 704 instructions, called one-cycle instructions, 
can be completed during the fetch phase and 
produce a CCCMEND end-of-command signal 
throughout the fetching machine cycle. 

4-103. Whenever CCCMEND is true, a check is 
made of the interrupt logic status to determine if 
an interrupt is waiting for service (CCITCY true). 
If CCITCY is true, the sequencer immediately 



advances to the start of an interrupt service 
sequence (phases 7, B, and D), which will be 
discussed shortly. 

4-104. Usually, an interrupt will not be waiting for 
service (CCITCY- true), and the sequencer will 
reenter (actually remain in) the fetch phase to 
fetch the next instruction for execution. This is 
true only if the CPU is operating in the run or 
single step modes (CCFRUN + CCFSSTP). If it 
happens to be operating in the single command 
mode (CCFRUN- CCFSSTP-), the sequencer will 
change to the halt phase (phase 0), and CPU 
operation will cease. 

4-105. The halt phase may be entered in any one 
of five ways: (1) by turning on primary power, (2) 
by pressing the RESET switch while the CPU is 
operating (not a recommended procedure), (3) by 
pressing the HALT switch, (4) by executing a HLT 
instruction, and (5) by completing a single com- 
mand mode operation. Once the halt phase is 
entered, CPU operation ceases and cannot be 
restarted except by actively causing the sequencer 
to leave the halt phase. This is done by pressing the 
RUN, SINGLE STEP, or SINGLE COMMAND 
switch (CPRUN + CPSSTP + CPSCM). In all cases, 
the sequencer will advance to phase 1, the fetch 
phase, causing the CPU to bring an instruction 
from memory for execution. 

4-106. Those instructions requiring more than one 
machine cycle can be placed into one of six 
functional categories: memory write instructions, 
shift instructions, memory read instructions, inter- 
rupt return instruction, DIO instructions, and con- 
ditional skip instructions. An instruction falling 
into one of these categories causes the sequencer to 
advance from the fetch phase to one of five other 
phases without the CCCMEND signal being gener- 
ated. Unless some conditional situation specifically 
prohibits it, the phase entered will last for one 
machine cycle. 

4-107. Memory write instructions STB, STW, and 
STX cause the sequencer to advance to phase 3, 
during which the data is loaded into the memory 
buffer register to be written into memory. 
CCCMEND is produced during this phase to signal 
the end of command execution. The shift 
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instructions listed in the diagram are under control 
of an iteration count and cause the sequencer to 
advance from the fetch phase (during which the 
iteration count is loaded from the instruction 
word) to phase 4, but only if the iteration count is 
not zero (ICDCO false). If an iteration count was 
not entered or was entered as zero (ICDCO true) 
CCCMEND will be generated immediately, without 
shifting, to end the instruction. Otherwise, the 
sequencer will remain in phase 4 for the integral 
number of machine cycles required to reduce the 
iteration count to zero before CCCMEND is 
generated to end the instruction and advance the 
sequencer. 

4-108. Those instructions that require the reading 
of an operand from memory (ADD, AND, CMB, 
CMW, etc) cause the sequencer to enter phase 5, 
during which the operand is read from memory 
and the operation is completed. The execution of 
an INR interrupt return instruction involves two 
memory read operations, one to retrieve the stored 
PCR count and one to retrieve the stored machine 
status word. Consequently, execution of an INR 
instruction causes the sequencer to enter an inter- 
posing memory read phase (phase 9) for one read 
operation before advancing to phase 5 for the 
second read operation. Notice that all memory 
read instructions except INR generate CCCMEND 
during the phase 5 machine cycle. INR generates 
CCCMENDA instead. The significance of this will 
be explained shortly. 

4-109. Phase C is a "catch all" phase for two 
memory cycle instructions that don't fit into any 
of the other categories. These include the direct 
input-output instructions DIN and DOT and the 
conditional skip instructions DXS and IXS, where 
a skip operation is required (DXS ADSUMOO or 
IXS ADSUMOO-). When execution of DXS or IXS 
does not demand a skip operation, they are treated 
as one-cycle instructions (DXS ADSUMOO- or IXS 
ADSUMOO). 

4-110. Whenever the condition CCCMEND 
CCITCY is true, indicating that an instruction is 
about to be completed and an acknowledged 
interrupt is waiting for service, the sequencer 
advances to the start of an interrupt service 
sequence (phase 7) rather than returning to phase 1 



or to phase 0. Each phase of this sequence lasts for 
one machine cycle. During phase 7, the count in 
the program counter is stored into memory. During 
phase B, a machine status word is assembled and 
stored into memory. And during phase D, the 
linking address to the start of the appropriate 
interrupt service routine is loaded from memory 
into the program counter and end-of-command 
signal CCCMENDA is generated. CCCMENDA dif- 
fers from CCCMEND only in the fact that the 
waiting interrupt status is ignored. Consequently, 
after completing an interrupt service cycle (phase 
D), after completing an interrupt return (INR), or 
after disabling the interrupt system (DSB), the 
sequencer will return to the fetch phase (or to 
halt). This prevents the interrupt system from 
''capturing" the CPU by allowing at least one 
programmed instruction to be executed between 
interrupts. Interrupt servicing is more completely 
discussed in paragraph 4-576. 

4-111. Sequence Counter Logic 

4-112. The sequence counter consists of ten 
type-D flip-flops (Dwg 394557, Sht 4), one for 
each of the sequencer states. Clocks for these 
flip-flops (identical signals KKSCl and KKSC2) are 
generated as the logical NAND combination of 
time period T4 and gated clock KK2 pulses. 
Consequently, the clock inputs will be high during 
all but the last 75 ns of a machine cycle (rising 
edge of KK2) when the inputs become low and rise 
again to provide the positive-going clock edge at 
the end of the machine cycle. 

4-113. Sequence counter flip-flop outputs are 
identifiable by their SCDC names. SCDCO is true 
during phase 0, SCDCl is true during phase 1, etc. 
Notice that a ground on the MRESET- line will 
directly reset all sequence counter flip-flops except 
SCDCO, which will be directly set. 

4-114. Disregarding direct set, there are three 
conditions that will cause the phase flip-flop 
SCDCO to be set. First, it will be set at the end of a 
non-interrupt service command, if an interrupt is 
not waiting and the CPU is operating in the single 
command mode (CCCMEND CCITCY- CCSCM). 
Secondly, it will be set at the end of any interrupt 
service command, if the CPU is operating in the 
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single command mode, regardless of interrupt 
status (CCCMENDA CCSCM). Finally, it will be set 
whenever a HLT instruction is fetched (SCDCl 
INDCOOO). The gated condition SCDCO SCDCIR 
for setting SCDCO is a maintenance latch that 
keeps the type-D flip-flop set until some condition 
arises for setting the phase 1 flip-flop SCDCl. 

4-115. There are three possible conditions under 
which phase 1 flip-flop SCDCl will be set. First, it 
will be set synchronously whenever the RUN, 
SINGLE STEP, or SINGLE COMMAND switch is 
pressed and the sequencer is in the halt phase 
[(CPRUN + CPSSTP + CPSCM) SCDCO 
CCFSYNl] . Secondly, it will be set at the end of a 
non-interrupt service command, if an interrupt is 
not waiting and the CPU is operating in either the 
run or single step mode (CCCMEND CCITCY- 
CCSCM-). And finally, it will be set at the end of 
any interrupt service instruction or cycle, if the 
CPU is operating in the run or single step mode, 
regardless of the interrupt system status 
(CCCMENDA CCSCM-). 

4-116. The phase 3 flip-flop SCDC3 is precondi- 
tioned for setting by phase 1 and will be set at the 
end of the cycle if a store instruction is fetched 
(SCDCl INDCST). Phase 4 flip-flop SCDC4 is for 
iterative shifting and will be set by any generic 
shift instruction if the iteration count is not 
zero and will remain set for as many whole 
machine cycles as it requires for the iteration 
count to reach zero (INDCSHIFT ICDCO-). Term 
INDCSHIFT is true for all instructions that satisfy 
the instruction decode condition INDC09 + 
INDCOA. This includes SLA (091), SLA D (093), 
SLC (0A5), etc. 



4-117. The phase 5 flip-flop SCDC5 controls 
memory read activities to obtain operands and has 
two set conditions. First, it will be set if an 
instruction requiring operand reading is fetched in 
the fetch phase (INDCREAD SCDCl). Term 
INDCREAD is true for all instructions that satisfy 
the instruction decode condition INDC4 + INDC5 
+ INRO. This includes CMB (4), LDB (5), LDW (8), 
LDX (9), ADD (A), SUB (B), etc. The other 
condition for setting SCDC5 is phase 9 (SCDC9), 
which occurs only when executing an INR instruc- 
tion. Consequently, the only set condition for the 



phase 9 flip-flop SCDC9 is SCDCl INDCOOl. 

4-118. Phase C flip-flop SCDCC has two setting 
conditions; one for direct input-output instructions 
and one for conditional skip instructions. The first 
condition is straightforward; if a DIN or DOT 
instruction is fetched in phase 1, SCDCC will be set 
(INDCDIO SCDCl). The conditions for generating 
term INDCDIO were discussed in paragraph 4-97. 
The other SCDCC set condition is when a DXS or 
IXS instruction is fetched and executed in phase 1 
and results in a program skip (INDCXSKIP SCDCl 
CCCMEND1-). Expanded to its fullest form, this 
set logic becomes (INDC04 + INDC05) (SCDCl) 
(SCDCl INDC04 ADSUMOO)- (SCDCl INDC05 
ADSUMOO-)-. 

4-119. The sequence counter flip-flops SCDC7, 
SCDCB, and SCDCD are associated with the 
interrupt service sequencing. The phase 7 flip-flop 
SCDC7 can be set only at the end of an instruction 
execution if an interrupt is waiting service 
(CCCMEND CCITCY). The phase B flip-flop 
SCDCB will be set on the next machine cycle 
preconditioned only by the sequencer having pre- 
viously entered phase 7 (SCDC7). And finally, the 
phase D flip-flop SCDCD will be set on the next 
machine cycle, with entry into phase B being the 
only set condition (SCDCBO). 

4-120. End-of-Command Detector Logic 

4-121. The purpose of CCCMEND logic (Dwg 
394557, Sht 6) is to detect the last machine cycle 
of all 704 instructions except HLT, DSB, and INR. 
In concept, the function is quite simple; in 
mechanization, the logic becomes obscure. It is 
most easily seen by starting at the CCCMEND 
output and working backwards. The first level of 
gating resolves to SCDC3 + SCDCC + (SCDCl 
INDC10R2) + CCCMENDl, which indicates that 
any time the sequencer enters phase 3 or phase C 
(these are unconditionally one machine cycle 
long), CCCMEND will be generated. Also, non- 
generic instructions JMP and JSX, since they are 
only one machine cycle long, will generate 
CCCMEND in phase 1 (SCDCl INDC10R2). Term 
INDC10R2 stands for instruction codes INDCl + 
INDC2. This leaves only term CCCMENDl to 
detect the end points of all the other instructions 
not covered so far. 
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4-122. CCCMENDl logic consists of eight NAND 
gates, the outputs of which are logically ORed so 
that any zero will make CCCMENDl- false and, 
consequently, CCCMEND true. The uppermost 
gate, CCCMEND5 SCDCl, detects generic instruc- 
tions that satisfy the condition INDCOl + INDC06 
+ INDC07 + INDC08, which would include CLR 
(010), CMP (Oil), INV (012), etc. All of these 
instructions can be executed unconditionally in 
one machine cycle. The second and third gates 
down perform a similar function, ultimately 
detecting all one cycle instructions. 

4-123. The fourth CCCMENDl gate down, SCDC4 
ICDCO, detects the end condition of phase 4 shift 
instructions when the iteration count reaches zero. 
The fifth and sixth gates detect the non-skip 
conditions of instructions IXS and DXS whereby 
they end in phase 1 without advancing to phase C. 
The next gate, SCDCl INDCSHIFT ICDCO, detects 
the phase 1 end-of-shift instructions when the 
iteration count is zero. (Some 704 software uses 
zero-shift instructions as ''no operation" instruc- 
tions, in which case one machine cycle will be 
required for execution, but nothing will happen.) 

4-124. The final CCCMENDl gate, SCDC5 
INDCO-, detects the end points of all phase 5 
memory read instructions except the generic INK 
instruction. INR is expressly excluded because it is 
an interrupt service type instruction, and therefore 
is properly part of CCCMENDA logic rather than 
CCCMEND logic. 

4-125. CCCMENDA logic (Dwg 394557, Sht 6) 
detects the end of the interrupt service sequence 
and interrupt servicing instructions INR and DSB. 
The logic resolves to the condition that 
CCCMENDA will be true if SCDCD + (SCDC5 
INDCOO) + (SCDCl INDC003) is true. Conse- 
quently, CCCMENDA will be true whenever the 
sequencer enters phase D, the INR instruction 
execution enters phase 5, or whenever one machine 
cycle instruction DSB is fetched and executed. 

4-126. PROGRAM EXECUTION 

4-127. The sequential execution of program 
instructions is controlled by the program counter. 
The program counter stores the memory address of 



the next program instruction to be executed, and it 
is incremented automatically each time that an 
instruction is executed. 

4-128. When instructions are being executed 
sequentially, the address of the next instruction to 
be executed is transferred from the program 
counter register to the memory address register at 
the same time that the sequence counter enters the 
instruction fetch phase. Simultaneously, the pro- 
gram count is gated into the adder and incre- 
mented by one. The incremented program count is 
loaded back into the program counter register at 
the same time that the current instruction is read 
in from memory and will be used to address the 
next instruction in sequence. 

4-129. The program count is incremented auto- 
matically before the current instruction is decoded, 
but may not necessarily be used to address the 
next instruction. If the program sequence of 
instructions is broken by a skip, jump, or interrupt 
service operation, the program count will be 
modified or ignored in forming the address of the 
next instruction. 

4-130. The program counter is also used during 
manual display and entry of memory data by 
sequentially addressing the memory locations each 
time a DISPLAY or ENTER switch is pressed. This 
application is discussed in paragraph 4-55. 

4-131. Program Counter Register 

4-132. The program counter register (Dwg 
545497 — 500, Sht 5) is a 15-bit register, consist- 
ing of type-D flip-flops PCROl through PCR15, 
with clocked inputs from the CPU adder and direct 
inputs from the PROGRAM COUNTER switches 
on the front control panel. The control panel 
switches are used to clear the program counter 
register or to preset the program count manually to 
a selected address. This register is contained on the 
four arithmetic cards with the three most- 
significant flip-flops on Arithmetic card 1 (PCROO 
is not used and is disabled at its connector input) 
and four flip-flops on each of the other Arithmetic 
cards 2, 3, and 4. 

4-133. Lamp drivers PCROIL- through PCR15L- 
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continuously display the register contents on the 
PROGRAM COUNTER indicator lamps. The 
drivers supply ground returns to Ught the lamps 
when their corresponding flip-flops are set. 

4-134. During execution of a program, all inputs 
to the program counter register come from the 
adder (ADSUMOl- through ADSUM15-), clocked 
by KKPC positive-going edges. These edges are 
formed by the logical combination of (PCLDAD 
KKn). The logic for clock enabling signal PCLDAD 
is discussed in the paragraphs that follow. 

4-135. Sequential Program Execution 

4-136. The program count is incremented auto- 
matically by the adder at the end of time period 
Tl of each instruction fetch phase. When the CPU 
enters the fetch phase, the program count is the 
same as the contents of the memory address 
register, which is being used to address the memory 
location of the instruction being fetched. While the 
memory read operation is taking place, signal 
ADENPC (term SCDCl TIRCA) gates the contents 
of the program counter register into adder input 
gate A (Dwgs 545497 — 500, Sht 8) during time 
periods TO and Tl of the fetch phase machine 
cycle. Since the adder uses inverted (I's comple- 
ment) inputs and the output of the disabled adder 
input gate B represents -1 (adder gate B inputs are 
all O's), the output of the adder will be the I's 
complement of the program counter register con- 
tent incremented by one. Operation of the adder is 
discussed more fully in paragraph 4-241. 

4-137. Program counter register clock enable term 
PCLDAD is true during time period Tl of the fetch 
phase (SCDCl TIRCl), and the rising edge of gated 
clock KKn causes KKPCn to go low 75 ns prior to 
the end of Tl. The falling edge of KKn causes the 
KKPCn gate to produce a clocking positive-going 
edge at the end of time period Tl, loading the 
program counter register with the incremented 
count from the adder. This count will be used to 
fetch the next instruction, if the current instruc- 
tion does not cause a program skip or jump. 

4-138. If the current instruction does not alter the 
program count, and a program interrupt does not 
occur, the incremented program count is loaded 



into the memory address register from the program 
counter register at the end of time period T4 of the 
last machine cycle of current instruction execution 
and is used to address the next instruction in 
sequence. 

4-139. Program Skips 

4-140. Two types of instructions can cause pro- 
gram skips: all skip generic instructions of the form 
INDC08n, and literal generic instructions DXS and 
IXS. The effect of either type of skip instruction is 
the same. If some condition tested by the instruc- 
tion is true, the next instruction in sequence will 
be skipped, and the instruction that follows will be 
fetched and executed instead. However, the man- 
ner in which the program skip is accomplished 
depends upon the type of skip instruction being 
executed. 

4-141. All skip generic instructions are executed in 
one machine cycle. The program count is auto- 
matically incremented once during time periods TO 
and Tl of the fetch cycle (paragraph 4-241) as a 
normal event. However, during time periods T2, 
T3, and T4 of a machine cycle that fetches one of 
the skip generic instructions, the program count is 
again gated to the adder input gate A by ADENPC 
(term INDC08 SCDCl TIRCA-). This twice- 
incremented program count at the adder output 
may or may not be loaded into the program 
counter register, depending upon the outcome of 
skip testing by the instruction. 

4-142. Skip condition testing for skip generic 
instructions is performed by skip control logic 
(Dwg 394562, Sht 11) during time period T3. If 
the skip condition tested by an instruction is not 
satisfled, flip-flop CCFSKP will remain reset, and 
the twice-incremented program count at the adder 
output will not be used. Instead, the once- 
incremented program count in the program coun- 
ter register will be loaded into the memory address 
register at the end of time period T4, and the next 
instruction in sequence will be fetched for execu- 
tion. 

4-143. If the skip condition is satisfied, signal 
CCFSKPSl will be true, causing the skip flip-flop 
CCFSKP to be set at the end of fetch phase time 
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period T3 (INDC08 CCFSKPSl SCDCl TIRC3). 
When CCFSKP is set, the twice-incremented pro- 
gram count at the adder outputs will be simul- 
taneously loaded into the program counter register 
by PCLDAD and into the memory address register 
by MALDAD at the end of time period T4. This 
will cause the next instruction in the program 
sequence to be skipped and the instruction follow- 
ing to be fetched and executed. 

4-144. The skip control logic uses only the third 
decoded digit (INDCXXO through INDCXXF) 
from memory buffer register output decoding logic 
to gate appropriate conditions to be tested. These 
17 positive-OR gates (two are used for the SLE 
instruction identified by code INDCXX9) perform 
a negative-AND gate function; consequently, their 
inputs and outputs are inverted. Qualifying signal 
INDC08 prevents random occurrences of the 
CCFSKPSl signal during the execution of other 
than skip generic instructions from setting the 
CCFSKP flip-flop. 

4-145. Literal generic instructions DXS and IXS 
required two machine cycles to effect a program 
skip, but only one machine cycle is required for 
execution if the skip does not occur. In either case, 
the program count is incremented once during time 
periods TO and Tl of the instruction fetch phase, 
as usual. During time periods T2, T3, and T4, the 
contents of the index register are incremented 
(IXS) or decremented (DXS) by the amount of the 
literal contained in bits 08 through 15 of the 
instruction word. 

4-146. Both instructions gate the contents of the 
index register (IXROO through IXR15) into adder 
input gate A (term INDCXSKIP SCDCl TIRCA- of 
ADENIX). The IXS instruction generates 
ADENMBR to gate memory buffer register bits 08 
through 15 into adder input gate B and ADINCRY 
to add a carry into the least significant digit of the 
adder. On the other hand, instruction DXS gener- 
ates ADENMBC to gate the I's complements of the 
memory buffer register contents into adder input 
gate B. At the same time, the instruction generates 
signal ADONES that forces adder gate B bits 05 
and 07 to the 1 state. In effect, the adder will 
"see" all I's in the first eight bits and the normal 
states of MBR08 through MBR15 outputs in the 



last eight bits, a necessary condition for performing 
a right literal subtraction using a I's complement 
adder. 

4-147. The incremented or decremented index 
quantity is loaded back into the index register at 
the end of time period T4. The sign of the index 
quantity at this time determines whether the 
sequence counter will reenter phase 1 to fetch the 
next instruction in sequence or will enter phase C 
to increment the program count and, conse- 
quently, skip the next instruction. 

4-148. Entry into phase C automatically generates 
ADENPC to gate the program count into adder 
input gate A, and PCLDAD enables the program 
counter register clock during time period Tl of the 
skip phase (INDCXSKIP SCDCC Tl). Once the 
incremented count is loaded back into the program 
counter register at the end of Tl, no other action 
takes place during the skip phase. Signal MALDPC 
enables loading of the memory address register 
from the program counter register, and this occurs 
with the occurrence of the next memory address 
register clock at the end of time period T4. 

4-149. Program Jumps 

4-150. Two jump instructions alter the sequential 
execution of program instructions. Unconditional 
jump instruction JMP replaces the incremented 
program count with a literal address for the next 
instruction to be executed. Execution of a JSX 
instruction replaces the incremented program 
count with an address for the next instruction to 
be executed, but also stores the incremented 
program count into the index register to permit a 
return to the next instruction in sequence after 
performing some action at the jump location. 



4-151. Both instructions are executed in one 
machine cycle. The program count is incremented 
as usual during time periods TO and Tl of the cycle 
(paragraph 4-241). During the last portion of the 
cycle (time periods T2, T3, and T4), an effective 
word address is formed in the adder. The manner 
in which the address is formed depends upon 
whether a JMP or JSX instruction is being exe- 
cuted and is discussed in paragraph 4-406. 
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4-152. At the end of time period T4, the effective 
word address is loaded into the program counter 
register (term INDC10R2 T4SCDC1 of PCLDAD 
logic) and into the memory address register 
(SCDC7R SCDCl INDCO- INDCBYTE- CCFCLK 
of MALDAD logic) from the adder. If a JSX 
instruction is being executed, the incremented 
program count is also stored in the index register at 
this time by a true IXLDPC signal (INDC2 
T4SCDC1). The incremented program count is lost 
if a JMP instruction is being executed. 

4-153. The effective word address specifies the 
next instruction to be executed, and the program 
jump to this location takes place in the next 
machine cycle. 

4-154. Program Interrupts 

4-155. A program interrupt causes the normal 
execution of program instructions to be suspended 
while the interrupt is serviced. At the end of the 
interrupt service routine, program execution will 
resume for at least one more instruction and 
continue until another program interrupt is 
encountered. The interrupt system itself is dis- 
cussed in paragraph 4-576. The initiation and 
sequencing of interrupt service and interrupt return 
cycles by the sequence counter have been discussed 
in paragraph 4-119. Formation of memory 
addresses in the interrupt service and interrupt 
return cycles is discussed in paragraph 4-420. Only 
the operation of the program counter in these 
cycles is discussed here. 

4-156. When the sequence counter enters an inter- 
rupt service cycle (phase 7), the program counter 
already contains the address of the next program 
instruction, to be executed. This address was 
placed into the register during the execution of the 
previous instruction, but was not loaded into the 
memory address register at the end of the instruc- 
tion execution cycle because an interrupt was 
waiting for service (CCCMEND CCITCY) causing 
MALDIT to be true and MCENMAS to be false. 
Instead, a memory address assigned to a given level 
of interrupt is forced into the memory address 
register (MALDIT). 

4-157. The forced memory address is used during 



the first interrupt service phase (phase 7) to store 
the program count into one of the first 64 
locations in memory. To do this, the contents of 
the program counter register are gated into adder 
input gate A. When the sequence counter enters this 
phase (SCDC7), a carry is added to it to obtain 
straight transfer (ADINCRY), and the program 
count is loaded from the adder into the memory 
buffer register at the end of time period Tl by 
MBLDADLB and MBLDADRB. During the remain- 
der of the machine cycle, the program count held 
in the memory buffer register is stored into 
memory. The forced address held by the memory 
address register is incremented by 2 automatically 
at the end of the store phase. 

4-158. Entry into the store status phase of the 
interrupt service cycle (phase B) assembles a 
machine status word, consisting of the contents of 
the extension register (EXROO through EXR04) 
and states of flip-flops ADFNEG, ADFEQL, 
ADGOVF, and CCFGLB, by gating these onto 
adder input gate B. A carry is gated to the adder 
(ADINCRY) to effect proper transfer, and the 
adder output is clocked into the memory buffer 
register at the end of time period Tl. During the 
remainder of the machine cycle, the machine status 
word in the memory address register is then 
decremented by 1 automatically at the end of the 
machine cycle. 

4-159. The last phase of the interrupt service cycle 
(phase D) initiates a memory read operation from 
the forced address location to load the memory 
buffer register with the initial, or linking, address 
of the first instruction of an interrupt level service 
routine. When the sequence counter enters phase 
D, the output of the memory buffer register is 
gated to adder input gate B (ADENMBL and 
ADENMBR), a carry is gated to the adder 
(ADINCRY) for proper transfer, and the adder 
output is gated into the inputs of the program 
counter register and the memory address register. 
The linking address is loaded into the memory 
buffer register from memory during time period Tl 
and is clocked into the program counter register 
(PCLDAD KKn-) and the memory address register 
(MALDAD T4 KKn-) at the end of time period T4. 
At this point, the sequence counter leaves the 
interrupt service cycle and enters phase 1 to fetch 
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and execute the first instruction of the interrupt 
service routine. 

4-160. The last instruction in every interrupt level 
service routine is always an INR instruction, which 
allows the CPU to return to normal program 
execution. Detection of the INR instruction pre- 
pares the sequence counter to advance to phase 9 
and preconditions a forced address at the memory 
address register inputs, in accordance with the 
interrupt level being serviced. At the end of time 
period T4, the sequence counter enters phase 9, 
and the forced address is loaded into the memory 
address register instead of the program count. 

4-161. During phase 9, a memory read operation is 
performed to retrieve the machine status word 
stored during phase B of the preceding interrupt 
service cycle. By the end of time period Tl, the 
status word is received into the memory buffer 
register. Signals ADENMBA and ADINCRY are 
true during phase 9 and gate the contents of the 
memory buffer register into adder input gate B and 
transfer the status word through the adder to 
reload the extension register (EXLDAD). Machine 
status flip-flops are reset at the end of time period 
T3, and all are set in accordance with the machine 
status word at the end of time period T4. 
Simultaneously, the forced address, decremented 
by two, is clocked into the memory address 
register to retrieve the initial program count from 
memory during the next machine cycle, and the 
sequence counter advances to phase 5. 



4-162. Phase 5 is used to retrieve the program 
count stored during phase 7 of the interrupt service 
cycle. At the beginning of the machine cycle, a 
memory read operation is initiated which brings 
the program count into the memory buffer regis- 
ter. As in phase 9, signals ADENMBA and 
ADINCRY gate memory buffer register outputs 
into adder input gate B and activate the adder for 
direct transfer to the program counter and memory 
address register. At the end of the machine cycle, 
the program count is simultaneously loaded from 
the adder outputs into the program counter regis- 
ter (term SCDC5 INDCO of PCLDAD) and into the 
memory address register term (CCFCLK 
CCCMENDA SCDCl- of MALDAD). The CPU is 
now essentially in the state it was prior to interrupt 



servicing, and processing will continue from that 
point. 

4-163. Memory Manual Display and Entry. 

4-164. During manual display or entry of memory, 
the CPU is halted, and the address of the next 
location in memory that will be accessed is 
contained in the program counter register and 
displayed by the PROGRAM COUNTER indi- 
cators. Note that this is not the address of the data 
presently displayed by the SELECTED DISPLAY 
indicators but the address of the next memory 
location that will be displayed or entered when the 
DISPLAY or ENTER switch is pressed. 

4-165. Pressing either the DISPLAY or ENTER 
switch causes signal CPDIAEN to become true, 
making ADENPC true for one machine cycle. 
During this machine cycle, the memory location is 
accessed and the program counter is incremented 
to the next address in sequence. 

4-166. Signal ADENPC gates the contents of the 
program counter register into adder input gate A, 
and the all I's input of the disabled gate B cause 
the program count to be incremented by one 
(paragraph 4-241). At the end of time period Tl, 
the adder output is clocked into the program 
counter register, and the incremented program 
count is loaded from the program counter register 
to the memory address register at the end of time 
period T4. This occurs before a new display or 
enter command can be produced in the control 
logic and ensures that the same memory location 
will not be addressed twice in succession. 

4-167. CENTRAL PROCESSOR UNIT DATA 
FLOW 

4-168. The details of data flow within the CPU are 
shown in figure 4-8. Control, sequencing, and 
timing signals used to control the flow of data 
within the CPU are omitted from the diagram for 
clarity. The diagram also shows the data paths 
between the CPU and other elements of the 
system : devices connected to the data input-output 
bus connector (DIOC), and devices connected to 
the direct memory access bus connector (DMAC), 
as well as core memory, the optional teletypewriter 
controller, etc. 
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4-169. The teletypewriter set controller, while it 
may be physically housed with the CPU, is 
connected to the DIO bus and communicates with 
the CPU in the same manner as external devices on 
that bus. Operational theory of the teletypewriter 
set controller is discussed in paragraph 4-620. 

4-170. Devices on the direct memory access bus 
communicate directly with the memory modules 
over the same lines that are used for communica- 
tion between the CPU and the memory modules, if 
the DMA logic card is installed. Memory addressing 
and data transfer are discussed in paragraph 4-370. 
These discussions include the descriptions of the 
CPU elements primarily concerned with memory 
addressing and data transfer: the memory address 
register, memory module address logic, the exten- 
sion register, the memory buffer register, memory 
data input-output logic, etc. 

4-171. The instruction register and the program 
counter register are concerned with instruction and 
program execution and were discussed in para- 
graphs 4-88 and 4-131. The adder is used both as a 
central routing point in the transfer of data within 
the CPU and to perform the arithmetic and logical 
operations of the CPU. This unit is discussed in 
paragraph 4-220. 

4-172. Data Input and Output 

4-173. Two program instructions, DIN and DOT, 
control data transfer over the data input-output 
bus. Bits 08 through 15 of these instructions 
identify the device address and the function to be 
performed by the device selected by the address. 
Four bits each are used for the device address and 
for the function code, permitting up to 16 devices 
to be connected to the DIO bus and up to 16 
different functions to be specified per device. 
Specific device addresses and function codes for 
external devices are discussed in the manuals 
covering the individual controllers. The teletype- 
writer set controller address and function codes are 
discussed in paragraph 4-655. 

4-174. All signals on the DIO bus are negative-true 
(inverted). Eight inverting line drivers (Dwg 
394562, Sht 9 and Dwg 394567, Sht 10) place the 
device address and function codes onto data 



address lines DADOS- through DAD15- from the 
memory buffer register (MBR08 through MBR15). 
Sixteen drivers place the contents of the accumu- 
lator register (ACROO through ACR15) onto data 
output lines DOTOO- through DOT15-. The inputs 
to these drivers are not gated, and the contents of 
the accumulator register and bits 08 through 15 of 
the memory buffer register are on the output lines 
at all times, regardless of whether or not a DIN or 
DOT operation is being performed. Random data 
on these lines is ignored by the device controllers. 

4-175. Two machine cycles are required to exe- 
cute either a DIN or DOT instruction. During the 
instruction fetch phase, the instruction is brought 
in from memory and is decoded. The instruction 
word is placed into the memory buffer register, 
and the device address and function code are 
placed on lines DAD08 through DAD 15-. No other 
action takes place during the fetch phase. 

4-176. The sequence counter enters the DIO phase 
(phase C) from the fetch phase, and data input 
strobe signal DISB- (SCDCC INDC02) or data 
output strobe signal DOSB- (SCDCC INDC03) is 
generated, depending upon the instruction being 
executed. The strobe command gates the device 
address and function code into the inputs of the 
device controller, and the addressed controller is 
actuated according to the function code. 

4-177. If a DIN instruction is being executed, 
input strobe signal DISB- gates data from the 
addressed controller onto data input lines DINOO- 
through DIN15- (ACLDDI). The data signals are 
inverted to provide positive-true inputs (ACROOS 
through ACR15S) to the accumulator register. 
During time period T4 of the DIO phase, the 
accumulator register clock gates are enabled by 
ACCLKENBL and ACCLKENBR signals (SCDCC 
INDC02 T4), and data is loaded into the register as 
input strobe signal DISB- is terminated, at the end 
of DIO phase cycle. 

4-178. Output data must be in the accumulator 
register before a DOT instruction is executed so 
that the data will be present on lines DOTOO- 
through DOT15- when output strobe signal DOSB- 
is generated. The output data is gated into the 
addressed controller by the output strobe signal. 
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and the strobe signal is terminated at the end of 
time period T4 of the phase C cycle. The contents 
of the accumulator register are not affected by 
executing a DOT instruction. 

4-179. Accumulator Register 

4-180. The accumulator register contains 16 
type-D flip-flops (ACROO through ACR15) that 
operate in conjunction with the adder to form a 
conventional arithmetic accumulator. It is also 
used as a shift register, either alone in single-length 
shifts or in conjunction with the index register in 
double-length shifts. Input data from external 
devices is received by the accumulator register, and 
output data is transmitted from the accumulator 
register to external devices. 

4-181. This register is contained on the four 
arithmetic cards with the four most-significant 
flip-flops on Arithmetic card 1 and four flip-flops 
on each of the other Arithmetic cards 2, 3, and 4 
(Dwg 545497 — 500, Shts 8 and 9). Input gate and 
clock enabling signals are generated by logic 
contained primarily on the Instruction card (Dwg 
394552, Sht 4). 

4-182. The contents of the accumulator register 
are displayed on the SELECTED DISPLAY indi- 
cators when the DISPLAY SELECTOR switch is 
set to AC, and the SELECTED DISPLAY switches 
may be used to clear the register or alter its 
contents. Display-enter logic is discussed in para- 
graphs 4-75 and 4-80. 

4-183. Signal ACRDR- is used to clear the 
accumulator register when the DISPLAY SELEC- 
TOR switch is set to AC and the CLEAR switch is 
pressed or system reset signal CCFRST is true. This 
signal is applied to the direct reset inputs of all 
register flip-flops, and the entire register is reset 
when the signal goes to ground. Signals ACROODS- 
through ACR15DS- are for manual data entry and 
are applied to the direct set inputs of the register 
flip-flops, setting the flip-flops individually when 
the corresponding signal goes to ground. 

4-184. The normal flow of data to the accumula- 
tor register is from the adder, and all data from 
other areas of the CPU (except data shifted in from 



the index register) must be routed through the 
adder to reach the accumulator register. Either full 
words (16 bits) or bytes (8 bits) may be trans- 
ferred, but byte transfers are restricted to the 
right-hand byte (bits 08 through 15). 

4-185. The accumulator receives three types of 
data from the adder: sum or transfer data 
(ADSUMn), logical-OR data (ADORn), and 
exclusive-OR data (ADXORn). These inputs are 
gated by enabling signals ACLDAD, ACLDOR, and 
ACLDXOR, respectively. With one exception (the 
AND instruction), these gating signals are mutually 
exclusive. When executing an AND instruction, the 
logical- AND function is obtained by gating logical- 
OR and exclusive-OR data into the accumulator 
simultaneously. This peculiarity is described in the 
adder logic discussion (paragraph 4-261). 

4-186. Signal ACLDAD is true for load instruc- 
tions LLB and LDB (T4SCDC1 INDC06 + 
T4SCDC5 IN5SC5); instructions LDW, ADD, and 
SUB [SCDC5 (INDC8 + INDCA + INDCB)] ; and 
the data generic instructions CLR, CMP, INV, and 
CXA [T4SCDC1 INDCOl (INDCXXO + INDCXXl 
+ INDCXX2 + INDCXX4)]; causing full word 
gating of adder sum outputs (ADSUMOO- through 
ADSUM15-) to the accumulator register inputs. 
Signal ACLDOR is true for instructions ORI and 
AND only [SCDC5 (INDCC + INDCE)] and gates 
adder logical-OR outputs (ADOROO- through 
ADOR15-) to the accumulator register inputs. And 
signal ACLDXOR is true for instructions ORE and 
AND [SCDC5 (INDCD + INDCE)] and gates adder 
exclusive-OR outputs (ADXOROO- through 
ADXOR15-) to the accumulator register inputs. 

4-187. None of the accumulator gated inputs is 
effective unless one or both of the clock enabling 
signals ACCLKENBL and ACCLKENBR is also 
true to gate the accumulator clock. These signals 
are byte oriented, with ACCLKENBL controlling 
the left-byte positions (bits 00 through 07) and 
ACCLKENBR controlling the right-byte positions 
(bits 08 through 15). Byte instructions LDB and 
LLB generate signal ACCLKENBR only. Conse- 
quently, only the right-hand byte of the full word 
presented to the adder will be loaded during these 
instructions. All other instructions mentioned gen- 
erate both signals to permit both bytes to be 
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loaded. In all cases, clocking occurs at the end of 
time period T4 of the last (CCCMEND) cycle of 
the instruction. 

4-188. Signal ACSHFT- of the accumulator clock 
logic (Dwg 394552, Sht 4) is false during the shift 
phase of all shift instructions, so long as the 
iteration count is not zero (SCDC4 ICDCO-), but 
the particular clock enable and input gating signals 
that are generated depend on the shift instruction 
being executed. Shift operations involve the index 
register, iteration counter, and other CPU elements 
as well as the accumulator register and are dis- 
cussed separately in paragraph 4-207. The enabling 
of the accumulator register input gates and the 
shift control logic are covered in that discussion. 

4-189. Data from the data input lines (DINOO- 
through DIN15-) is applied to the accumulator 
through gates controlled by signal ACLDDI, which 
is generated during the DIO phase of DIN instruc- 
tion execution. This has been discussed previously 
in paragraph 4-177. 

4-190. Index Register 

4-191. The index register (Dwgs 545497 — 500, 
Sht 7) consists of 16 type-D flip-flops (IXROO 
through IXR15) that serve a number of purposes. 
Its primary function is that of holding an address 
modifying operand used in the formation of an 
effective address when operating in indexed 
addressing modes. This use of the index register is 
discussed more thoroughly in paragraph 4-406. 

4-192. This register is contained on the four 
Arithmetic cards with the four most-significant 
flip-flops located on Arithmetic card 1 and four 
flip-flops located on each of the other Arithmetic 
cards 2, 3, and 4. Input gating and clock enabling 
signals are generated by control logic contained 
primarily on the Adder Flip-Flop card (Dwg 
394567, Sht 11). 

4-193. The contents of the index register are 
displayed on the SELECTED DISPLAY indicators 
when the DISPLAY SELECTOR switch is set to 
IX, and the SELECTED DISPLAY switches may 
be used to clear the register or to alter its contents. 
Display-enter logic is discussed in paragraph 4-73. 



4-194. Signal IXRDR- is used to clear the index 
register when the DISPLAY SELECTOR switch is 
set to IX and the CLEAR switch is pressed or 
system reset signal CCFRST is true. This signal is 
applied to the direct reset inputs of all register 
flip-flops, and the entire register is reset when the 
signal goes low. Signals IXROODS- through 
IXR15DS- are for manual data and are applied to 
the direct set inputs of the register flip-flops, 
setting the flip-flops individually when the corres- 
ponding signal goes to ground. 

4-195. The index register is loaded from the 
memory buffer register, from the accumulator, and 
from the extension register via the adder. The 
adder outputs (ADSUMOO- through ADSUM15-) 
are also gated as index register inputs when the 
contents of the register are incremented or decre- 
mented by the literal generic instructions IXS and 
DXS. 

4-196. Signals IXLDADL and IXLDADR control 
the gating of adder sum outputs to the index 
register, with the IXLDADL signal gating bits 00 
through 04 and IXLDADR gating bits 05 through 
15. Both adder sum gating signals are true during 
time period T4 of the fetch phase of copy 
accumulator instruction CAX, increment instruc- 
tion IXS, and decrement instruction DXS 
[T4SCDC1 (INDC013 + INDC04 + INDC05)] and 
also during time period T4 of the read phase of the 
LDX memory load instruction (T4SCDC5 INDC9). 

4-197. The only time signals IXLDADL and 
IXLDADR are not true simultaneously is during 
time period T4 of the fetch phase for the CEX 
copy extension register instruction (T4SCDC1 
INDC006). In this case, only IXLDADL is true, 
gating the contents of the extension register from 
the adder into bits 00 through 04. Other bits of the 
index register remain unchanged. 

4-198. Signal IXLDPC gates the contents of the 
program counter register directly into index regis- 
ter inputs during the T4 time period of the fetch 
phase for JSX jump instructions (T4 SCDCl 
INDC2). 

4-199. Shift control signals IXSL and IXSR enable 
data within the index register to be shifted left or 
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right during the execution of double-length shift 
operations, when the index register is effectively 
coupled to the accumulator register. Signal IXSL is 
true during the entire shift phase of all single- and 
double-length left shift instructions (SCDC4 
MBRll + IXSLOPT). Term IXSLOPT is for 
left-shift control by the hardware multiply-divide 
option and will normally be false unless this option 
is installed and active. Signal IXSR is true during 
the shift phase of all right-shift instructions 
(SCDr:4 MBRll- + IXSROPT). Operational 
restraints by the index register clock enable signals 
prevent shifting during the execution of single- 
length shift instr.,ctions. 

4-200. Clock enable signal IXCLKENBL controls 
the clock to bit 00 through 04 flip-flops, and signal 
IXCLKENBR controls the clock to the flip-flops 
for bits 05 through 15. Both signals are true to 
enable index register clocks during time period T4 
of the fetch phase of CAX, IXS, DXS, and JSX 
instructions; during time period T4 of the read 
phase of the LDX instruction; and for the entire 
shift phase of double-length shift instructions SRA 
D, SLA D, SRL D, SLL D, SRC D, and SLC D. In 
addition, signal IXCLKENBL is true during time 
period T4 of the fetch phase of CEX instructions 
to copy extension register data into the first five 
bits of the index register. 

4-201. Since all non-shift instructions cause the 
clock to be enabled only during time period T4 of 
the last (CCCMEND) phase of the instruction, the 
contents of the index register will only change 
once, at the end of time period T4 when the 
positive-going clocking edge occurs. However, 
clocks are enabled during the entire shift phase of 
double-length shift instructions until the iteration 
count reaches zero (SCDC4 MBR08- MBRIO 
ICDCO-). Consequently, shifting occurs at the end 
of each time period at a rate of five shifts per 
machine cycle. The details of double-length shift- 
ing are discussed more fully in paragraph 4-207. 

4-202. Iteration Counter 

4-203. The iteration counter is a 4-bit binary 
counter (Dwg 394562, Sht 8), consisting of four 
type J-K flip-flops (ICRO through ICR3) located 
on the memory control card. Its primary function 



is to count the number of shift operations per- 
formed during the execution of a shift instruction 
and to generate a signal which will halt shifting 
after a prescribed number of shifts has taken place. 
It does this by copying an initial iteration count 
from the F2 field (bits 12 through 15) of the shift 
instruction during the fetch phase and counting 
down to zero during the shift phase. The 4-bit 
register length permits up to 15 shift iterations to 
be performed by any one shift instruction. 

4-204. The counter is directly reset whenever the 
RESET switch is pressed and at the start of every 
fetch phase by a low level on reset line ICRST- 
(MRESET + SCDCl TO CI). The F2 field of every 
instruction fetched is copied from the memory 
buffer register (MBR12- through MBR15-) into the 
iteration counter at the end of time period T2 of 
the fetch phase (SCDCl T2 CI), using direct set 
gates ICRODS through ICR3DS enabled by 
ICLDMB-. The fact that the F2 field of all 
instructions fetched is copied into the iteration 
counter is taken advantage of during the execution 
of INR instructions, where the F2 field specifies 
the interrupt level when forcing memory addresses 
(paragraph 4-420). The contents of the memory 
buffer register is altered during the interrupt return 
phase, but the F2 field is still available in the 
iteration counter register for use in forming a 
second memory address during the phase. 

4-205. If the instruction fetched happens to be a 
shift instruction, the sequence counter advances to 
the shift phase (phase 4), enabling the iteration 
counter clock gating signal ICDEC, unless the 
iteration count loaded was zero (SCDC4 ICDCO- + 
ICDECOPT). Term ICDECOPT is for control of 
the counter by options hardware multiply-divide 
logic. 

4-206. KKIC iteration counter clocks occur at the 
end of each time period at a rate of five clocks per 
machine cycle. Each negative-going clocking edge 
decrements the iteration count by one. The algo- 
rithm for down counting is quite simple: the 
least-significant digit changes state every clock 
(flip-flop ICR3 toggles because of its open J-K 
inputs); higher order digits change state only if all 
lesser significant digits are zeros. When the count 
reaches zero (ICRO- ICRl- ICR2- ICR3-), signal 
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ICDCO becomes true, stopping the iteration coun- 
ter and register shifting. The true ICDCO signal also 
conditions the sequence counter to leave the shift 
phase at the end of the next T4 time period. 

4-207. Data Shifting 

4-208. The 704 Processor has 30 shift instructions 
of the instruction code form 09 and OA. These 
instructions are defined in the 704 User's Manual. 
All single-length and byte shift instructions are 
performed in the accumulator register. For 
double-length shift instructions, the index register 
is coupled to the right, or least-significant, end of 
the accumulator register, and shifting occurs as 
though the two registers were one 32-bit register. 
Shifting may be done in either direction in circular 
or open-ended fashion, depending upon the type of 
shift instruction executed. 

4-209. The number of shifts that will take place is 
governed by a number loaded into the iteration 
counter from the shift instruction word (paragraph 
4-204) during the instruction fetch phase. The data 
is shifted one position and the iteration counter is 
decremented by one for each clock pulse. When 
the count reaches zero, shifting stops. 

4-210. Shift instructions are of two types: arith- 
metic and logical. Arithmetic shifts may only be 
performed on the entire contents of the accumu- 
lator register (SLA and SRA instructions) or on the 
combined contents of the coupled accumulator 
and index registers (SLA D and SRA D instruc- 
tions). Data flow during arithmetic shifts is shown 
in figure 4-9. 

4-211. When a left-shift arithmetic instruction 
(SLA or SLA D) is fetched, adder overflow 
flip-flop ADFOVF (Dwg 394567, Sht 4) is reset at 
the end of time period T3 of the fetch phase 
(TIRC3 SCDCl INDC09 MBRll) to act as a 
storage register for any changes in the sign bit 
(ACROO) that occur during the shift phase. During 
the shift operation, signal ADFOVFSD is true 
(SCDC4 ICDCO- INDC09 MBRll), enabling an 
ACROO, ACROl bit comparator. Whenever these 
two bits differ (ACROO- ACROl + ACROO 
ACR01-), it is apparent that the next left shift will 
change the state of the sign bit. This condition 



makes ADFOVFS true, and the ADFOVF flip-flop 
is set by the next clock. 

4-212. Setting flip-flop ADFOVF when the sign 
bit changes permits program testing for overflow, 
but has no other effect upon CPU operation or 
instruction execution. The sign bit cannot be 
altered in arithmetic right shifts, so no overflow 
detection is necessary for this case. 

4-213. Execution of an arithmetic shift instruction 
causes certain shift control signals to be activated, 
as listed in table 4-1. These signals enable data 
transfer gates and register clock gates appropriate 
to the execution of the instruction. For example, 
instruction SLA activates signal ACSLENB which 
enables left-shift gates of the accumulator register 
(Dwg 545498, Sht 8), signal AC07SL which 
couples the high order of the accumulator right 
byte (ACR08) to the low order of the accumulator 
left byte (ACR07), and both clock enable signals 
(ACCLKENBL and ACCLKENBR). Signal 
ACSHFT- is false and active any time the sequence 
counter is in the shift phase (phase 4) and the 
iteration count is not zero (SCDC4 ICDCO-), 
disabling the clocks when it goes false. 

4-214. When double-length instruction SLA D is 
executed, signals IXSL, IXSLZRO, IXCLKENBL, 
and IXCLKENBR for index register control are 
activated in addition to those accumulator control 
signals activated by an SLA instruction. Signal 
IXSL enables the index register left-shift gates, 
signal IXSLZRO appUes a constant zero to least- 
significant bit flip-flop IXR15 for shifting into 
vacated positions, and signals IXCLKENBL and 
IXCLKENBR enable the index register clocks for 
shifting. Arithmetic right shift instructions are 
executed similarly except that signals ACSRENB, 
AC08SR, and IXSR are generated instead of 
ACSLENB, AC07SL, and IXSL, respectively, to 
enable right-shift gating. 



4-215. Logical shifts may be performed on either 
byte content of the accumulator register, on the 
entire content of the accumulator register, or on 
the combined content of the coupled accumulator 
and index registers. Data flow during right, left, 
and circular logical shifts is shown in figure 4-10. 
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4-217. As in arithmetic shifting, signal ACSHFT- is 
false during the shift phase of logical shift instruc- 
tion execution so long as the count in the iteration 
counter is not zero. This tends to enable the entire 
accumulator register clock system, but is modified, 
depending on the specific shift instruction being 
executed. Signals AC07SL, AC08SR, and 
ACCLKENBL are inhibited if a right-byte shift 
instruction SRL R, SLL R, SRC R, or SLC R is 
being executed. Similarly, signals AC07SL, 
AC08SR, and ACCLKENBR are inhibited if a 
left-byte shift instruction SRL L, SLL L, SRC L, 
or SLC L is being executed. 

4-218. Index register right-shift gate control signal 
IXSR is activated by all arithmetic and logical 
right-shift instructions (SCDC4 MBR11-), regard- 
less of the single- or double-length nature of the 
instruction being executed. The same is true of 
left-shift gate control signal IXSL; it is activated by 
all left-shift instructions. This enabling of index 
register shift gates during the execution of single- 
length shift instructions is redundant, but the clock 
enable signals IXCLKENBR and IXCLKENBL are 
both inactive at this time, so no change occurs in 
the index register content. 

4-219. The shift control signals actuated by each 
logical shift instruction are also given in table 4-1. 
Shift control logic for the accumulator register is 
shown in Dwg 394552 and in Dwg 394567 for the 
index register. 

4-220. ARITHMETIC AND LOGICAL 
OPERATIONS 

4-221. All arithmetic and logical operations are 
performed by the CPU adder, which also serves as a 
central routing point for the transfer of data within 
the CPU. All CPU registers except the instruction 
and iteration counter registers communicate with 
the adder. In only a few cases is data transferred 
directly between registers without using the adder. 
Data flow in the CPU is discussed in paragraph 
4-167, and the CPU data flow paths are shown in 
figure 4-8. The adder is also used to assemble 
memory addresses, which may or may not also 
involve an arithmetic operation. This function is 
discussed in detail in paragraph 4-406. Data flow 
to, within, and from the adder is shown in figure 



4-11. The adder control logic is omitted from the 
diagram for clarity. 

4-222. Adder Input Logic 

4-223. The adder input gate A and gate B control 
logic (Dwg 394552) controls the selection and 
timing of inputs to adder input gates A and B 
(Dwgs 545497 — 500). Adder gates are contained 
on the four Arithmetic cards with the four 
most-significant-bit gates located on Arithmetic 
card 1 and four bit gates located on each of the 
other Arithmetic cards 2, 3, and 4. Adder input 
gate control logic is located on the Instruction 
card. 

4-224. Time periods TO and Tl (TIRCA true) of 
each instruction fetch phase preempt the use of the 
adder to increment the program count. Those 
instructions fetched that require access to the 
adder during their fetch phase are limited to its use 
only during time periods T2, T3, and T4 (condi- 
tion SCDCl TIRCA- true), when signal TBDCl is 
active. This signal is seen repeatedly in the logic for 
adder input gate A and B control signals (Dwg 
394532, Sht 6). 

4-225. Still other functions that require the use of 
the adder may be performed during phases other 
than the fetch phase of an instruction's execution 
cycle. In some cases, adder input gate control 
signals will be activated by the sequence counter 
entering a particular phase, without regard to the 
instruction that caused the transition. In others, 
control signal activation is in response to specific 
instructions, and even these may be dependent 
upon some prior condition being true. Instead of a 
lengthy discussion of the functional significance of 
each term, the adder input control signals are listed 
in table 4-2 with the conditions and instructions 
that activate them. These functions are described 
in detail in the discussions of program execution, 
memory address formation, and the execution of 
specific instructions. 

4-226. The adder input gate A logic (ADAOO- 
through ADA 15-) provides inverted (negative-true) 
data from the normal accumulator register outputs 
(ACROO through ACR15, controlled by signal 
ADENAC), from the inverted accumulator register 
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Figure 4-11. Adder Data Flow Diagram 
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Table 4-2. Adder Input Gate Control Signal Activating Conditions 



A-Gate 

Control 

Signal 



ADENAC 



ADENACC 



ADENIX 



ADENPC 



ADENACRB 



B-Gate 

Control 

Signal 



ADENMBL 



Conditions and Instructions 



Fetch Phase Transfer (SCDCl TIRCA-): CAX, CLB 

Write Phase Store (SCDC3): STB (CCFBYTE), STW 

Read Phase Transfer (SCDC5): ADD, AND, CMB, CMW, SUB 

Fetch Phase Complement (SCDCl TIRCA-): CMP, INV 
Read Phase Complement (SCDC5): ORE 

Fetch Phase Transfer (SCDCl TIRCA-): CXA, CXE, DXS, IXS 

Index Operand (SCDCl TIRCA- MBR04): ADD, AND, CMB, CMW, JMP, 
JSX, LDB, LDW, LDX, ORE, ORI, STB, STW, STX, SUB 

Write Phase Store (SCDC3): STX 

Automatic PCR Increment: SCDCl TIRCA 

Conditional Skip Increment (SCDCl TIRCA-): SAM, SAP, SAO, SAZ, SEQ, 
SGR, SLE, SLS, SNE, SNO, SSO, SSI, SS2, SS3, SSE, SXE 

Interrupt PCR Store: SCDC7 

Manual PCR Increment: CPDIAEN CCFSYNl 

DXS or IXS Skip Increment: SCDCC 

Write Phase Store (SCDC3): STB (CCFBYTE-) 



Conditions and Instructions 



Fetch Phase Transfer (SCDCl TIRCA-): LLB 

Read Phase Transfer (SCDC5): ADD, AND, INR, LDB (CCFBYTE), LDW, 
LDX, ORE, ORI 

Interrupt Return Transfer (SCDC9): INR 

Interrupt Load Link: SCDCD 
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Table 4-2. Adder Input Gate Control Signal Activating Conditions (Cont) 



B-Gate 

Control 

Signal 


Conditions and Instructions 


ADENMBR 

ADENMBC 
ADENEXB 

ADENEXW 

ADENMBB 

ADENMBBC 

ADONES 


All Word Transfers: ADENMBL 

Fetch Phase Transfer (SCDCl TIRCA-): ADD, AND, CMB, CMW, IXS, JMP, 
JSX, LDB, LDW, LDX, ORE, ORI, STB, STW, STX, SUB 

Fetch Phase Complement (SCDCl TIRCA-): CLB, DXS 

Read Phase Complement (SCDC5): CMB (CCFBYTE), CMW, SUB 

Fetch Phase Transfer (SCDCl TIRCA-): CEX 

Byte Addressing (SCDCl TIRCA- (CCFGLB- + MBR04-)): CMB, LDB, STB 

Interrupt Store Status Address: SCDCB 

Word Addressing (SCDCl TIRCA- (CCFGLB- + MBR04-)): ADD, AND, CMW, 
JMP, JSX (MBR04-), LDW, LDX, ORE, ORI, STW, STX, SUB 

Read Phase Transfer (SCDC5): LDB (CCFBYTE-) 

Read Phase Complement (SCDC5): CMB (CCFBYTE-) 

Forced Ones (SCDCl TIRCA-): DXS 


Adder 

Control 

Signal 


Conditions and Instructions 


ADINCRY 


Fetch Phase Carry (SCDCl TIRCA-): ADD, AND, CAX, CEX, CLR, CMB, 
CMW, CXA, CXE, INV, IXS, JMP, JSX, LDB, LDW, LDX, LLB, ORE, ORI, 
STB, STW, STX, SUB 

Write Phase Carry (SCDC3): STB, STW, STX 

Read Phase Carry (SCDC5): ADD, INR, LDB, LDW, LDX 

Interrupt PCR Store: SCDC7 

Interrupt Return (SCDC9): INR 

Interrupt Status Store: SCDCB 

Interrupt Load Link: SCDCD 
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outputs (ACROO- through ACR15-, controlled by 
signal ADENACC), from the index register outputs 
(IXROO through IXR15, controlled by signal 
ADENIX), and from the program counter register 
outputs (PCROl through PCR15, controlled by 
ADENPC). In addition, the left byte input gates 
(ADAOO- through ADA07-) have the capability of 
transferring accumulator register right-byte data 
(ACR08 through ACR15, controlled by 
ADENACRB). 

4-227. The adder input gate B logic (ADBOO- 
through ADB15-) provides inverted (negative-true) 
data from the left and/or right byte memory buffer 
register normal outputs (MBROO through MBR07, 
controlled by ADENMBL; MBR08 through 
MBR15, controlled by ADENMBR), from the 
memory buffer register inverted outputs (MBROO- 
through MBR15-, controlled by ADENMBC), from 
the extension register outputs (EXROO through 
EXR04, controlled by signals ADENEXB and 
ADENEXW), and from the various control and 
adder status flip-flops (ADFEQL, ADFNEG, 
ADFOVF, and CFFGLB, controlled by SCDCB). 
In addition, the right byte input gates (ADB08- 
through ADB15-) have the capability of transfer- 
ring memory buffer register left-byte data (MBROO 
through MBR07, controlled by signal ADENMBB) 
and inverted left-byte data (MBROO- through 
MBR07-, controlled by signal ADENMBBC). 

4-228. The Adder 

4-229. The adder employed in the 704 Processor 
(Dwgs 545497 - 500, Sht 10) consists of eight 
2-bit, full-adder integrated circuits — two on each 
of the four Arithmetic cards. These operate with 
the negative-true outputs of adder input gate A 
(ADAOO- through ADA15-) and adder input gate B 
(ADBOO- through ADB15-) and provide negative- 
true summation outputs (ADSUMOO- through 
ADSUM15-), negative-true exclusive-OR outputs 
(ADXOROO- through ADXOR15-), and positive- 
true carry outputs for ''external" interconnection 
(ADCOO, ADC02, ADC04, etc). Using rules appro- 
priate to I's complement arithmetic and logic, this 
adder is capable of performing normal addition, 
subtraction, increment-by-one, transfer, 2's- 
complement, inversion, exclusive-OR, inclusive- 
OR, and logical- AND operations. 



4-230. This adder propagates carrys sequentially 
from the less-significant end, in the simplest 
manner possible. Under worst-case conditions, 
where a carry must be propagated from the 
least-significant bit to the most-significant bit 
position, total delay will not exceed 400 ns (or two 
I'fxs memory time periods). 

4-231. Addition 

4-232. Execution of the ADD instruction, and any 
other operation that brings two numerical quanti- 
ties together for summation, causes one quantity 
(usually the contents of the accumulator register) 
to be applied to the adder through input gate A 
and the other quantity (usually the contents of the 
memory buffer register) to be applied to the adder 
through input gate B. Since both of these input 
gates invert data passing through them, the adder 
can be thought of as operating with I's- 
complement numbers rather than with negative- 
true numbers. The problem then resolves to 
obtaining the correct summation at the adder sum 
outputs in I's complement form. 

4-233. Whenever two I's-complement numbers are 
added together, the sum is always excess one, in 
terms of I's-complement numbers. For example, if 
the I's complement of 9 (0110) is added to the I's 
complement of 3 (1100), the binary sum is 0010 
with an extraneous carry. This is the I's comple- 
ment of 13. It is necessary somehow to subtract 1 
from (or add -1 to) the simple sum of A and B. In 
complementary arithmetic, this can be done by 
adding 1 to the least-significant digit of the sum. 
Signal ADINCRY, a carry into the least-significant 
bit adder, will do this and is always true when 
addition is being performed. Making the 
ADINCRY signal true is equivalent to adding -1 to 
the I's complement summation, regardless of the 
function being performed by the adder. 

4-234. Adder sum outputs (ADSUMOO- through 
ADSUM15-) are gated to their destination (usually 
the input of the accumulator register) during time 
period T4 of the last machine cycle of instruction 
execution and is clocked in at the end of the time 
period. Since stable data should be available to the 
adder inputs no later than the middle of time 
period T2, the adder outputs will have settled long 
before clocking of the adder output occurs. 
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4-235. Operands are treated as signed 16-bit 
binary numbers, and the algebraic sum of the 
numbers is formed when they are added. If two 
numbers of like sign are added, the magnitude of 
their sum may become too large for the register 
length (greater than 2^^-! or less than -2i^). If this 
occurs, the overflow from the most-significant 
magnitude bit (ADSUMOl) will cause the sign bit 
(ADSUMOO) to be different from the sign bits of 
the two numbers (ADAOO and ADBOO). 

4-236. Adder overflow is detected by overflow 
flip-flop ADFOVF control logic (Dwg 394567, Sht 
4). The flip-flop is reset at the end of time period 
T3 of the read memory phase for ADD and SUB 
instructions (SCDC5 INDCAORB TIRC3). Over- 
flow is detected when two positively-signed num- 
bers generate a negatively-signed sum (ADAOO 
ADBOO ADSUMOO-) or when two negatively-signed 
numbers generate a positively-signed sum (ADAOO- 
ADBOO- ADSUMOO). In either case, overflow set 
signal ADFOVFS will be true, and flip-flop 
ADFOVF is set by the next clock at the end of 
time period T4. 

4-237. Subtraction 

4-238. Execution of the SUB instruction, and any 
other decrementing operation that brings two 
numerical quantities together for subtraction, 
causes the minuend (usually from the accumulator 
register) to be applied to the adder through input 
gate A and the subtrahend (usually from the 
memory buffer register) to be applied to the adder 
through input gate B. Furthermore, the inverse 
outputs of the subtrahend source are gated so that 
the adder "sees" the subtrahend in normal (non- 
inverted) form. 

4-239. Whenever the I's complement of one num- 
ber is added to the normal form of another 
number, the sum is always the I's complement of 
their difference. For example, if the I's comple- 
ment of 9 (0110) is added to the normal form of 3 
(0011), the binary sum is 1001 with an extraneous 
carry. This is the I's complement of 6. The 
ADINCRY signal is not required to effect 
I's-complement subtraction and will be false 
during all decrementing operations. 



4-240. Adder sum outputs are gated and clocked 
into their destination register in the same manner 
as the addition operation. When a SUB instruction 
is executed, the overflow logic will be enabled and 
flip-flop ADFOVF will be set if a sign change is 
detected, according to the rules previously men- 
tioned. It is necessary to remember, however, that 
it is the signs of the I's complement minuend and 
the normal form subtrahend that are being com- 
pared to detect overflow. Overflow occurs when a 
negative number is subtracted from a positive 
number and the result is greater than 2^^ -1 
(ADAOO- ADBOO- ADSUMOO) or when a positive 
number is subtracted from a negative number and 
the result is less than -2^^ (ADAOO ADBOO 
ADSUMOO-). 

4-241. Increment By One 

4-242. The program counter uses the adder to 
increment the program count by one during time 
period TO and Tl of each fetch phase and 
conditionally to increment it for program skips. 
This has been discussed in paragraph 4-126. Any 
time a 1 is to be added to the program count, 
signal ADENPC gates the contents of the program 
counter register to adder input gate A. No operand 
is applied to adder input gate B, making its input, 
in effect, zero. Since the adder input gates invert, 
the I's complement of the program count will be 
added to the I's complement of (all I's). 

4-243. According to the rules of I's complement 
addition given in paragraph 4-231, the sum is 
always excess one. For example, assume that the 
program count is 14. If the I's complement of 14 
(0001) is added to the I's complement of 
(1111), the binary sum is 0000 with an extraneous 
carry. This is the I's complement of 15. The 
ADINCRY signal serves no purpose in the 
increment-by-one function and will be false during 
this operation. Also, the overflow detector is not 
enabled, since overflow is meaningless. 

4-244. Data Transfer 

4-245. Memory load and store operations require 
data to be transferred from the memory buffer 
register to the accumulator register, or the other 
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way around, using the adder as a vehicle for 
transfer. The adder input gate A is used as the data 
input when the accumulator register is the source, 
and gate B is used when the memory buffer register 
is the source. Only one adder input gate will be 
used at a time, and the adder will see all I's from 
the unused gate (I's complement of zero). 

4-246. The same type of data transfer operation is 
performed during copy instructions, where the 
adder is involved. In all cases, data transfer is 
similar to an increment-by-one operation (para- 
graph 4-241), inasmuch as the I's complement of 
the transferred data is received by the adder from 
one input gate and the 1 's complement of zero is 
received from the other input gate. However, since 
an unincremented output is needed, signal 
ADINCRY is made true during data transfer 
operations to add -1 to the I's complement sum. 

4-247. As an example, assume a CAX instruction 
is being executed wherein the number 5 in the 
accumulator is to be copied into the index register. 
The output of the accumulator (0101) is gated to 
adder input gate A, which inverts it (1010) and 
applies it to the adder. The binary sum of all data 
applied by the adder input gates and by the 
ADINCRY signal activated carry (1010 + 1111 + 
0001) is 1010, with an extraneous carry. This I's 
complement ADSUM- output is inverted by the 
activated index register input gates (0101), so that 
the data copied by the register is the same as the 
original accumulator register output. 

4-248. Complementing 

4-249. Execution of a CMP instruction causes the 
2's complement of the accumulator register con- 
tent to be formed and placed back into the 
accumulator register. Complements are also formed 
during subtraction, comparison, and decrementing 
operations and are performed similarly. The 2's 
complement of any number is formed by adding 1 
to the I's complement of the number. 



4-250. As an example of the complement opera- 
tion, assume that a CMP instruction is being 
executed wherein the number 6 is the original 
content of the accumulator. Signal ADENACC 
generated by this instruction gates the inverted 



outputs of the accumulator register (1001) to 
adder input gate A, where they are inverted once 
again (0110). The inactive adder input gate B 
provides the I's complement of zero (1111) to the 
adder. Since the excess-one rule for I's comple- 
ment adder operation apphes, the addition of 1 to 
the sum is automatic, and the ADSUM- output 
(0101) is the 2's complement of 1001 inverted. 
Restoration occurs at the accumulator register 
input, where the activated gates invert the data 
received from the adder when it is copied by the 
register. 

4-251. During the execution of a CMP instruction, 
overflow is detected by flip-flop ADFOVF. The 
flip-flop is reset at the end of time period T3 of the 
instruction (INDCOll SCDCl TIRC3). If the 2's 
complement of -2^^ is formed, the flip-flop is set 
at the end of time period T4 (INDCOll T4SCDC1 
ADOVFSD). No overflow is possible when the 2's 
complement of any number greater than -215 is 
formed. 

4-252. Inverting 

4-253. Execution of an INV instruction causes the 
I's complement of the accumulator register con- 
tent to be formed and placed back into the 
accumulator register. The I's complement of any 
number is obtained when a straight bit-by-bit 
inversion is performed upon the number. 

4-254. As an example, assume that an INV instruc- 
tion is executed wherein the number 5 is in the 
accumulator register. Signal ADENACC generated 
by this instruction gates the inverted outputs of 
the accumulator register (1010) to adder input gate 
A, where they are inverted once again (0101). The 
inactive adder input gate B provides the I's 
complement of zero (1111) to the adder. Since the 
excess-one rule for I's complement addition 
apphes, the ADINCRY signal is made true to 
effectively add -1 to the output sum. Binary 
addition of the data at the input gates plus the 
carry applied by signal ADINCRY (0101 + 1111 + 
0001) provides an ADSUM- output of 0101, with 
an extraneous carry. Inversion at the accumulator 
register input gates causes the accumulator register 
to copy 1010, the I's complement of the binary 
number 5. Overflow flip-flop activity is disabled 
during the execution of this instruction. 
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4-255. Exclusive OR 

4-256. The adder circuits are used to make 
exclusive-OR comparisons between like bits of the 
contents of the accumulator and memory buffer 
registers, during the execution of the ORE instruc- 
tion. Signal ADENACC gates the inverted outputs 
of the accumulator register to adder input gate A, 
and signals ADENMBL and ADENMBR gate the 
normal outputs of the memory buffer register to 
adder input B. The I's complement of the results 
appear at the ADXOR- outputs of the adder and 
are copied back into the accumulator at the end of 
the machine cycle after being inverted by the 
accumulator register input gates. 

4-257. Assume that the accumulator register holds 
the number 0101, the memory buffer register 
holds the number 0011, and the sequence counter 
advances to the read phase of an ORE instruction. 
Inverted data from the accumulator register (1010) 
appears in normal form at the output of adder gate 
A (0101), and normal data from the memory 
buffer register (0011) appears in inverted form at 
the output of adder gate B (1100). The exclusive- 
OR logical output at the adder ADXOR- outputs 
will be 1001 (that is, 0101 © 1100), which is the 
inverse of the normal exclusive-OR logical resul- 
tants 0110 (which is 0101 © 0011). 

4-258. Inclusive OR 

4-259. The inclusive, or common logical-OR func- 
tion cannot be performed using the I's comple- 
ment adder circuits. Instead, 16 positive-true AND 
gates used as negative-true OR gates (ADOROO- 
through ADOR15-; Dwgs 545497-500) perform 
this function. These gates receive the inverted out- 
puts of the accumulator register (ACROO- through 
ACR15-) and the outputs of the adder input B 
gates (ADBOO- through ADB15-) at all times, even 
though the outputs produced by the gates are used 
only during the execution of ORI and AND 
instructions. 

4-260. When logical-OR instruction ORI is exe- 
cuted, signals ADENMBL and ADENMBR gate the 
normal outputs of the memory buffer register to 
adder input gate B. OR logic gates ADOROO- 
through ADOR15- then produce a bit-by-bit resul- 
tant in inverted form. For example, if the 



accumulator holds the number 0101 (applying 
1010 to the logical-OR gates) and the memory 
buffer register holds the number 0011 (applying 
1100 to the logical-OR gates), the resultant gate 
output will be 1000 (logical-AND of 1010 and 
1100). The inverse of this (Oil, which is the 
logical-OR of 0101 and 0011) is copied back into 
the accumulator at the end of the machine cycle. 

4-261. Logical AND 

4-262. Execution of the AND instruction causes 
the logical product of the accumulator register and 
memory buffer register contents to replace the 
content of the accumulator. To do this, signal 
ADENAC gates the normal outputs of the accumu- 
lator register to adder input gate A, and signals 
ADENMBL and ADENMBR gate the normal out- 
puts of the memory buffer register to adder input 
gate B. By simultaneously gating ADXOR data 
from the adder and ADOR data from the logical- 
OR gates into the accumulator, the logical-AND 
function will result. 

4-263. Without going into the various inversions of 
the gating actually used, it can be shown through 
Boolean manipulation that the logical product of 
two classes, A and B, is equivalent to the intersec- 
tion of their mutually inclusive class and the class 
that is n ot exclus ively A or B. That is to say, AB = 
(A + B) (A © B). The proof that this is a Boolean 
identity follows: 



AB = (A + B) (A © B) 



= (A + B) (A + B) AB 
= (A + B) (A + B + AB) 
= (A + B) AB 
AB = AB 

4-264. Now consider a typical case of logical-AND 
processing where the content of the accumulator is 
0101 and the content of the memory buffer 
register is 0011. Clearly the logical product (AND 
intersection) of these two is 0001. Let's follow the 
operands from their sources through the ADOR 
and ADXOR logic back to the accumulator to see 
how this resultant is produced. 

4-265. Normal data from the accumulator register 
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(0101) is inverted by adder input gate A (ADA- 
output is 1010), and normal data from the 
memory buffer register (0011) is inverted by adder 
input gate B (ADB- output is 1100). The adder 
takes these two inverted operands and provides an 
exclusive-OR resultant at its ADXOR- outputs 
(0110). This 0110 output is one of the resultants 
gated back into the accumulator. 

4-266. Simultaneously, the ADOR- gates are moni- 
toring inverted data from the accumulator register 
(1010) and the outputs of the adder input B gates 
(1100). In positive-true logic terms, the ADOR- 
gates are AND gates, and their outputs will be the 
logical product of their inputs (1000). This 1000 
output is the other resultant gated back into the 
accumulator. 

4-267. During the memory read phase of AND 
instruction execution, both ACLDOR and 
ACLDXOR accumulator input gate control signals 
are made true to transfer ADOR- and ADXOR- 
resultants to the accumulator set inputs simul- 
taneously. The inverting nature of these positive- 
true NAND gates is such that a logical 1 will be 
applied to any given accumulator register flip-flop 
only if its corresponding ADOR- and ADXOR- 
inputs are both logical 0. So the 1000 and 0110 
simultaneous inputs establish a resultant 0001 
pattern that is clocked into the accumulator at the 
end of the read phase machine cycle. This is the 
logical product of the initial operands 0101 and 
0011. 

4-268. Comparisons 

4-269. Comparisons are performed by subtracting 
a word or byte from a word or byte stored in the 
accumulator register and noting whether the differ- 
ence is positive, zero, or negative. The result 
indicates whether the quantity subtracted is less 
than, equal to, or greater than the quantity stored 
in the accumulator register. 



4-270. Three instructions are used for compari- 
sons. The CLB instruction compares a literal 
contained in bits 08 through 15 of the instruction 
with the contents of bits 08 through 15 of the 
accumulator register. The CMB instruction com- 
pares a byte from memory to the contents of bits 



08 through 15 of the accumulator register, and the 
CMW instruction compares a word from memory 
with the entire contents of the accumulator regis- 
ter. 

4-271. The CLB instruction is executed in one 
machine cycle. During the last half (time periods 
T2, T3, and T4) of the instruction fetch phase, 
signal ADENAC gates the contents of the accumu- 
lator register (ACROO through ACR15) into adder 
input gate A, and signal ADENMBC gates the 
inverse outputs of the memory buffer register 
(MBROO- through MBR15-) into adder input gate 
B. This subtracts the entire instruction word from 
the contents of the entire accumulator register, but 
only bits 08 through 15 are used in the comparison 
logic. 

4-272. The CMB and CMW instructions require 
two machine cycles. During the instruction fetch 
phase, a byte or word address is formed using the 
memory address field of the instruction (paragraph 
4-406). This address is used in the read phase 
which follows to read in a byte or word from 
memory for comparison with the accumulator 
register contents. 

4-273. During the read phase, signal ADENAC 
gates the content of the accumulator register into 
adder input gate A. The CMB instruction reads in 
the entire word containing the addressed byte, and 
the state of byte control fUp-flop CCFBYTE 
determines which of the bytes will be used. If the 
left byte is addressed (CCFBYTE-), signal 
ADENMBBC gates the inverse outputs of the 
memory buffer register left byte (MBROO- through 
MBR07-) into adder input gate B. If the right byte 
is addressed (CCFBYTE) or a CMW instruction is 
being executed, signal ADENMBC gates the inverse 
outputs of the entire memory buffer register into 
adder input gate B. 

4-274. For comparison, bytes are treated as signed 
8-bit binary numbers (bit 08 is sign bit), and words 
are treated as signed 16-bit binary numbers (bit 00 
is sign bit). When the algebraic difference between 
the quantities is obtained, the comparison logic 
(Dwg 394567, Sht 5) examines the difference at 
the adder output for a value of zero (equality) and 
also the byte or word sign bits, as applicable, for 
the direction of inequality. 
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4-275. The results of the comparison are stored in 
adder-equal flip-flop ADFEQL and in adder- 
negative flip-flop ADFNEG. Both flip-flops are 
reset at the end of time period T3 of the fetch 
phase for CLB instructions and of the read phase 
for CMB and CMW instructions. If both flip-flops 
ADFEQL and ADFNEG remain reset at the end of 
time period T4, when the comparison is made, the 
difference is not zero and is positive. This indicates 
that the quantity in the accumulator register is 
greater than the quantity in the memory buffer 
register. 

4-276. Flip-flop ADFEQL is set at the end of time 
period T4, if the subtrahend and minuend are 
equal, making the adder sum outputs zero. Signal 
ADRBZERO is true if adder sum outputs 
ADSUM08- through ADSUM15- are all true and 
will cause the ADFEQL flip-flop to be set during 
CLB instructions (IN07SC1 ADRBZERO TIRC4) 
and CMB instructions (IN4SC5 ADRBZERO 
TIRC4). Signal ADBZEROO is true if adder sum 
outputs ADSUMOO- through ADSUM03- are true, 
and signal ADBZER04 is true if adder sum outputs 
ADSUM04- through ADSUM07- are true. The 
signals, combined with ADRBZERO for bits 08 
through 15, must be true to set the ADFEQL 
flip-flop when executing a CMW instruction 
(INFSC5 ADBZEROO ADBZER04 ADRBZERO 
TIRC4). 

4-277. Flip-flop ADFNEG is set at the end of time 
period T4, if the subtrahend (memory buffer 
register content) has a more positive algebraic value 
than the minuend (accumulator register content). 
Clearly this is the case whenever the sign of the 
subtrahend is negative and the sign of the minuend 
is positive. This condition is detected by comparing 
the sign bits at the adder inputs (ADAOO with 
ADBOO for CMW instructions and ADA08 with 
ADB08 for CLB and CMB instructions). Because of 
subtrahend inversion, if both bits are I's, the 
minuend is negative and the subtrahend is positive, 
and the remainder is always negative. 

4-278. Whenever the signs of both minuend and 
subtrahend are the same, the sign of their differ- 
ence must be determined by the results of actual 
subtractive comparison. If both signs are positive, 
the resultant is negative when the magnitude of the 



accumulator register content is less than the 
memory buffer register content. Conversely, if 
both signs are negative, the resultant is negative 
when the magnitude of the accumulator register 
content is greater than the memory buffer register 
content. This condition is detected by comparing 
adder output sign bit resultants (ADSUMOO with 
ADOROO for CMW instructions and ADSUM08 
with ADOR08 for CLB and CMB instructions). If 
both bits are I's, the minuend is negative with 
respect to the subtrahend, and the ADFNEG 
flip-flop is set to reflect this state. 

4-279. The results of a comparison may be tested 
by program instructions SEQ, SGR, SLE, SLS, and 
SNE. A program skip will occur if the tested 
condition is true (paragraph 4-139). 

4-280. HARDWARE MULTIPLY-DI VIDE 
OPTION 

4-281. The multiply-divide option, in machines so 
equipped, permits the direct multipUcation or 
division of two numbers by executing single 
instructions rather than multi-instruction multiply 
or divide subroutines. This results in a substantial 
reduction in the time required to perform these 
basic operations. For example, with the multiply- 
divide option installed, multiplication of two 
signed 15-bit numbers is reduced from 105 
machine cycles to 8 machine cycles, and division of 
a 31-bit signed number is reduced from 193 
machine cycles to 10 machine cycles. 

4-282. All of the additional logic for hardware 
multiplication and division is contained on a single 
Multiply-Divide option card accommodated inside 
the basic 704 Processor, which has a prewired 
connector for this plug-in option card. Dwg 394572 
shows all logic functions included on the card. 

4-283. Multiply-divide option logic, for the most 
part, represents extensions of existing basic CPU 
logic functions. The design philosophy has been to 
supply those elements needed only for executing 
multiply and divide instructions on the option 
card. For instance, MPY and DIV instruction 
decoding logic, extensions to the sequence counter 
logic, additional command-end logic, shifted adder 
output gates to the index register, etc required to 
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execute multiply and divide instructions only are 
located on the option card. All of the multiply- 
divide logic and its effect on other areas of the 
CPU is covered in the discussions of multiply and 
divide instruction sequencing and execution (para- 
graphs 4-296, 4-320, and 4-346). 

4-284. Multiply and Divide Instructions 

4-285. The multiply (MPY) and divide (DIV) 
instructions differ from other 704 Processor 
instructions in that they consist of two 16-bit 
instruction words each. The formats of the instruc- 
tion words are shown below: 



MPY 



DIV 






B 


I 





F 



15-Bit Address 






c 





F 



15-Bit Address 



First Word 



Second Word 



4-286. The first word of each instruction is a 
conventional instruction word with a two-character 
instruction code (OB and OC, respectively), in the 
Fl field, and a character in the F2 field to be 
copied into the iteration counter. This character is 
always the number 15 (Fig) in the MPY and DIV 
instruction word. 

4-287. The second word of the MPY instruction 
contains a 15-bit direct address for the multipli- 
cand, and the second word of the DIV instruction 
contains a 15-bit direct address for the divisor. 
Both of these are effective word addresses for 
loading these operands from any location in 
memory. 



4-288. Indexing is permitted when executing an 
MPY instruction, and is specified by a 1 in the 
bit-8 position of the instruction first word (8i6 in 
the Fl field). In this case, the 15-bit address 
contained in the second word of the MPY instruc- 
tion is treated as a base address to which the 
contents of the index register are added to obtain 
the effective word address for the multiplicand. 
The state of the global flip-flop and the contents of 
the extension register are both ignored in this case. 



Note 

Nothing in the multiply-divide logic pre- 
cludes indexing of the DIV instruction 
by specifying an 8i6 character in its Fl 
field. However, it is impractical, since 
the index register must be loaded with 
the more-significant half of the dividend 
prior to executing the instruction. 

4-289. The following prior conditions are assumed 
when executing a MPY instruction: 

a. The 16-bit multiplier (sign and 15 magnitude 
bits) is located in the accumulator register. If 
negative, the multiplier must be expressed in 2's 
complement form. 

b. The 16-bit multiplicand (sign and 15 magnitude 
bits) is located in the memory location speci- 
fied by the second word address (direct address- 
ing) or by the sum of the second word address 
and the index number (indexed addressing). 
The 2's complement of negative multiplicands 
must be used. 

c. Significant data in the index register has been 
stored, since it will be lost as the product is 
accumulated. Also, the index register must 
contain the proper index number, if operating 
in the indexed addressing mode. 

4-290. After execution of the MPY instruction, 
the product of the multiplicand and multiplier 
factors will reside in the coupled index and 
accumulator registers as a signed 31 -bit number 
(sign and 30 magnitude bits). The state of the 
product sign bit (IXROO and ACROO) is deter- 
mined from the signs of its two factors, according 
to the rules for algebraic multiplication. If nega- 
tive, the product will be in 2's complement form. 

4-291. Overflow during multiplication can only 
occur if both factors happen to be -2^^. In this 
case, the overflowing step will be performed, but 
the adder overflow flip-flop will be set and can be 
tested by the program. 

4-292. The following prior conditions are assumed 
when executing a DIV instruction: 
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a. The dividend is represented as a 31-bit signed 
number and resides in the coupled index and 
accumulator registers, with the 16 most- 
significant bits (sign and 15 higher-order magni- 
tude bits) in the index register and the 15 
lower-order magnitude bits in the 15 least- 
significant bit positions of the accumulator. The 
state of accumulator register bit (ACROO) is 
immaterial to the proper execution of the in- 
struction. If negative, the dividend must be 
expressed in its 2's complement form. 

b. The 16-bit divisor (sign and 15 magnitude bits) 
is located in the memory location specified by 
the second word address. A negative divisor 
must be expressed in its 2's complement form. 

4-293. If the DIV instruction is successfully exe- 
cuted, the quotient will reside in the accumulator 
register, and the remainder will reside in the index 
register. Both of these are signed 16-bit numbers. 
The sign of the quotient is determined by the signs 
of the dividend and the divisor, according to the 
rules for algebraic division. The sign of the remain- 
der is the same as the sign of the original dividend. 
If negative, the quotient and the remainder are 
expressed in their 2's complement form. 

4-294. The DIV instruction cannot be successfully 
executed if the dividend is so large or the divisor so 
small that the quotient will overflow the 16-bit 
accumulator register. In this case, the overflow 
fUp-flop will be set, and the instruction will be 
terminated without execution. Normally, the divi- 
dend contents of the coupled index and accumu- 
lator registers will remain unaltered, but bit of 
the accumulator register (ACROO) may or may not 
be the same as it was prior to instruction execu- 
tion. 

4-295. DIV instruction execution time is 10 or 11 
machine cycles, if the division is completed suc- 
cessfully, and 4 or 5 machine cycles, if an overflow 
is detected. The shorter times apply when the 
dividend is positive, with the extra machine cycle 
being required when the dividend is negative. 

4-296. Multiply-Divide Fetch Phase Sequencing 

4-297. With shght exception, the sequencing of 
both MPY and DIV instructions is the same up to 



the point where each begins to be processed 
through the cyclic, iterative portion of its algo- 
rithm. This common sequencing includes the oper- 
ations necessary to read both words of the instruc- 
tion from memory, indexing of the operand 
address contained in the second word (only if 
specified), and loading of the effective word 
address for the multiplicand or divisor into the 
memory address register. The operations just 
described represent a compound, two machine 
cycle instruction fetch phase. Thereafter, MPY and 
DIV instruction operations enter their respective 
iterative algorithms for execution (paragraphs 
4-309 and 4-339). 

4-298. Figure 4-12 is a flow diagram of the fetch 
phase sequencing common to MPY and DIV 
instructions. The first word of a MPY or DIV 
instruction is fetched during time period TA (TO 
and Tl) of CPU sequencer state SCDCl, Uke all 
other 704 Processor instructions. Normal CPU 
logic performs the following operations during this 
time period: reads and loads the instruction first 
word into the memory buffer register, copies the 
first eight bits (instruction code) into the instruc- 
tion register, copies the last four bits (F2-field 
iteration count, which should be Fie) i^^^o ^^e 
iteration counter, copies the program count into 
the memory address register, and increments the 
program count by one. 

4-299. Sometime near the start of time period T2, 
the output signals from the CPU instruction 
decoder will indicate that a MPY or DIV instruc- 
tion has been fetched (INDCOB + INDCOC), and 
the multiply-divide logic will become active 
(SCIMD true). The first function performed by the 
MD logic is to reset all flip-flops to be used which 
may have remained set after the last multiply or 
divide instruction was executed. This occurs during 
time period T3 (SCIMD T3MD), when low signals 
on ADFOVFRl- and MDRST- lines directly reset 
CPU adder overflow flip-flop ADFOVF and all of 
the MD logic flip-flops. 

4-300. Because of the nature of the divide algo- 
rithm (paragraph 4-339), a negative dividend must 
be recomplemented before iterative subtractions 
are performed. This is a two-step process, since the 
dividend resides in a double-length register. To save 
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Figure 4-12. Multiply-Divide Instruction Fetch Flow Digram 
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time later, and since the adder is available during 
the second half of the instruction fetch phase (time 
period TB of phase SCDCl), the accumulator half 
of negative dividends is recomplemented at this 
time. 

4-301. Signal SCIDIV will be true during the fetch 
phase of DIV instructions (INDCOC SCDCl). 
During time periods T2, T3, and T4 (TBMD true), 
signal ADENACCOP- becomes false to gate 
inverted outputs of the accumulator register 
(ACROO- through ACR15-) into the adder input A 
gates (ADAOO- through ADA15-). If the sign bit of 
the dividend is negative (IXROOMD true), signal 
ACLDAD3- becomes false during time period T4 
(T4MD true), causing the adder outputs 
(ADSUMOO- through ADSUM15-) to be loaded 
into the accumulator register (ACROO through 
ACR15). Since signal ADINCRY was not activated 
by this operation, the adder output loaded back 
into the accumulator register will be the 2's 
complement of the original contents. 

4-302. Simultaneously, the adder is checked for 
carry overflow from this operation which would 
affect the more-significant half of the dividend 
when the contents of the index register are 
inverted later. If overflow occurs (ADAOl 
ADC02), signal MDCRY will be true and the false 
state of signal MDFRSl- during time period T4 will 
cause MD logic flip-flop MDFR to be set at the end 
of the time period. In this way, the carry over into 
the index register is now stored for later use. 

4-303. The remaining sequence of events for fetch 
phase processing apply to both MPY and DIV 
instructions. During time period T4 of the SCDCl 
phase (SCIMD T4MD), signal CCCMEND6- is false 
to inhibit CPU command-end logic and prevent the 
sequencer from cycling back into the SCDCl fetch 
phase. As this is occurring, the state of the 
instruction word index bit (MBR08) is gated to 
another MD flip-flop, MDFN, over set line 
MDFNS1-. The flip-flop will be set at the end of 
time period T4, if bit MBR08 is a 1. Storage of the 
index bit is necessary because the contents of the 
memory buffer register will be lost when the 
second instruction word is read from memory, 
during the next fetch phase machine cycle. 



4-304. The second machine cycle of the multiply- 
divide fetching operation begins at the end of T4, 
when CPU sequencer flip-flop SCDCl is reset and 
MD sequencer flip-flop SCDCll is set (SCIMD 
KKMDT4). From this point on, the CPU sequencer 
no longer controls CPU operations (all CPU 
sequencer flip-flops are reset), and it cannot take 
over control again until the MD logic generates its 
own CCCMEND signal. Consequently, there is no 
case where full execution of a MPY or DIV 
instruction can be interrupted. 

4-305. Reading of the second word from memory 
and loading it into the memory buffer register 
during time period TA of phase SCDCll is 
automatic, since MCRW- logic regularly causes a 
memory access operation to occur at this time 
during every machine cycle, except when specifi- 
cally inhibited from doing so (paragraph 4-433). 
However, the automatic incrementing of the pro- 
gram count, which normally occurs at the same 
time in the SCDCl phase, must be done by MD 
logic. The reading in of the second instruction 
word does not disturb the iteration count, since 
loading of the iteration counter is a function of 
SCDCl being set. 

4-306. The program count is incremented during 
time periods TO and Tl of the SCDCll phase 
(SCDCll TIRCA). During these two time periods, 
signal ADENPC2- is false, causing the program 
counter outputs to be gated to the adder input A 
gates. During time period Tl, signal PCLDAD2- 
will be false (SCDCll TIRCl) so that the adder 
outputs will be gated back to the program counter 
register and loaded at the end of Tl. This adder 
output will be the original program count plus one, 
since signal ADINCRY was not generated. 

4-307. The remaining three time periods of the 
machine cycle (SCDCll TBMD true) are used to 
index the second word address (only if specified) 
and to load the memory address register with the 
effective word address for the stored operand. If 
fUp-flop MDFN was set in the previous phase, 
indicating address indexing is to be performed, 
signal ADENIX2- will be false and cause the 
contents of the index register to be gated to adder 
input A gates. As noted before, this is only a vahd 
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operation for the MPY instruction, since in the 
DIV instruction, the index register contains part of 
the dividend. Signal MDOl- is false regardless of the 
state of the MDFN flip-flop and activates signal 
Unes ADENMBA- and ADINCRYC- to gate the 
contents of the memory buffer register into adder 
input B gates and ADINCRY into the adder, 
respectively. Consequently, by time period T4, the 
adder outputs will be the sum of the contents of 
the memory buffer and index registers or just the 
contents of the memory buffer register, depending 
upon whether or not the MDFN flip-flop was set. 
This is the effective word address to be loaded into 
the memory address register. 

4-308. Signal MALDAD- becomes false during 
time period T4 (SCDCll T4MD), gating the adder 
outputs (ADSUMOO- through ADSUM15-) into the 
memory address register (MAR 00 through 
MAR15). At the end of time period T4, the 
memory address register will be loaded, the MDFN 
flip-flop will be reset (MALDAD KKMD), the 
SCDCll phase flip-flop will be toggled reset, and 
phase MDFll flip-flop will be set (SCDCll 
KKMDT4). This constitutes the end of the two 
cycle fetch phase operation, and the MPY and DIV 
instructions advance to their respective execution 
sequences. 

4-309. Multiply Algorithm 

4-310. Multiplication is carried out by accumulat- 
ing the sum of the partial products formed by 
multiplying the multiplicand by each digit of the 
multiplier in turn. The partial sum is accumulated 
in the index register and is shifted right one place 
before adding the next partial product. The multi- 
plier contained in the accumulator register is 
shifted right at the same time, and the lower order 
bits of the partial sum are shifted into the positions 
vacated by the multiplier. 

4-311. The least-significant bit of the multiplier 
(ACR15) controls the formation of the partial 
products. After it has been used, this bit is of no 
further use, and it is allowed to be lost as the 
multiplier is shifted right. The next-least-significant 
bit of the multiplier then becomes the least- 
significant bit and determines the next partial 
product. After all 15 iterative shifts have been 



completed, the entire multiplier is gone and the 
less-significant half of the final product resides in 
the accumulator. 

4-312. The rules for accumulating partial products 
during the execution of MPY instructions are as 
follows: 

a. If the least-significant multiplier bit (ACR15) is 
a 0, shift the accumulated sum (and the 
multiplier) one place to the right without 
adding anything to the sum. 

b. If the least-significant multiplier bit is a 1, add 
the multiplicand to the 16 most-significant bits 
of the accumulated sum and shift the new sum 
(and the multiplier) one place to the right. 

4-313. Since signed numbers are used, with nega- 
tive numbers expressed in 2's complement form, 
the partial products and their accumulated sum 
may be positive or negative, depending on the sign 
of the multiplicand. (The individual multiplier bits 
which determine the partial products are positive 
digits, so the sign of the multiplicand determines 
the sign of the partial products.) The following 
rules governing signs apply: 

a. If the present multiplier bit is and all previous 
multiplier bits were 0, the accumulated sum is 
zero (positive), and a must be supplied in the 
sign position when the sum is shifted right. 

b. If the present multiplier bit is 1, or any 
previous multiplier bit was 1, the accumulated 
sum is not zero, and the sign of the multipli- 
cand must be supplied in the sign position when 
the sum is shifted right. 

4-314. The preceding rules ensure that the correct 
product will be obtained regardless of the sign of 
the multiplicand, so long as the multiplier is 
positive. Negative products will be expressed in I's 
complement form. But negative multipliers require 
an additional step to obtain the correct product 
because the multiplier was in 2's complement 
form. If the multiplier has a magnitude X, its 2's 
complement is 2^^-X. When partial products are 
formed and accumulated for all 16 bits of tne 
multiplier, including the sign bit, the product of a 
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multiplicand of magnitude Y and a 2's complement 
multiplier will be (2l6.X)Y or (2l6Y -XY). This is 
2I6Y greater than the correct product -XY, and 
the quantity 2i^Y must be subtracted to obtain 
the correct product. 

4-315. The correction for negative multipliers can 
be simplified because the partial product of the 
sign bit (1) and the multiplicand is always 2l^Y 
because of its notational position. Therefore, the 
accumulated sum after the partial product of the 
most-significant magnitude bit is added is 
(2l^Y -XY) -2l5Y (or 2l5Y -XY). At this point 
it is only necessary to subtract Y, the multiplicand, 
from the most significant bits of the accumulated 
sum instead of adding it to obtain the correct 
product. Because Y is subtracted from the most- 
significant 16 bits of the 31-bit uncorrected pro- 
duct, it has a weight of 2l^Y, the required 
correction. 

4-316. Since the quantity added to the accumu- 
lated sum by the partial product by positive 
multiplier sign bits is always zero, and the partial 
product of negative multiplier sign bits is not 
added to the accumulated sum, partial product 
accumulation is terminated after the most signifi- 
cant magnitude bit is reached (15 iterations). 
Thereafter, if the multiplier sign is positive, the 
correction step is skipped. And if the multipUer 
sign is negative, the required correction factor (the 
multiplicand) is subtracted from the sum. 

4-317. The foregoing algorithm gives the correct 
product for any combination of positive and 
negative multipliers and multiplicands, with nega- 
tive products expressed in 2's complement form. 
The procedure is shown in figure 4-13 for repre- 
sentative combinations of positive and negative 
multipliers and multiplicands (using 6-bit numbers 
for simplicity). 

4-318. After the complete product is formed, it 
contains 31 bits (sign and 30 magnitude bits) and 
occupies the index register and the 15 most- 
significant positions of the accumulator register. 
The sign bit of the multiplier still occupies the 
least-significant position of the accumulator regis- 
ter. The last step of the multiplication process is to 
split the product into two 16-bit numbers by 



shifting the 15 least-significant bits in the accumu- 
lator right one place and copying the sign of the 
product into the sign position of the accumulator 
register. This step also disposes of the sign bit of 
the multiplier by shifting it off. 

4-319. Overflow is possible during multiplication 
only under one condition: when -2^^ is multipUed 
by -2^5. The product in this case is +2^0, which is 
greater than the largest number (2^^ - 1) that can 
be expressed by the 31 bits of the product. The 
test for the overflow condition is made during the 
correction step, since overflow is not possible if the 
multipher is positive. If the sign bits of the 
multipUer, the multiplicand, and the corrected 
product are all three negative, overflow has 
occurred, and the overflow flip-flop will be set. 

4-320. Multiply Execute Sequencing 

4-321. MPY instruction fetch phase sequencing, 
which loads both instruction words and loads the 
memory address register with an indexed or unin- 
dexed effective word address for the stored multi- 
plicand, has been discussed previously in paragraph 
4-296. The following is a description of the 
multiply-divide logic and sequence of operations 
that execute the multiply algorithm. Figure 4-14 is 
a flow diagram of multiply instruction execution. 

4-322. MPY instruction execution begins with the 
setting of MD logic flip-flop MDFll. This makes 
signal MDFllMUL true (MDFll INDCOB) for one 
machine cycle, during the first part of which the 
multiplicand is read from memory and loaded into 
the memory buffer register. Again, this mem- 
ory-read operation is automatic during time 
periods TO and Tl of all machine cycles, unless 
expressly inhibited. In fact, this is done right away, 
since fetching of the multiphcand is the last 
memory access operation required until the end of 
MPY instruction execution. 

4-323. The first clock after MDFll is set causes 
MD logic read-vn:ite control fhp-flop MDFRDWR 
to be set. The function of the MDFRDWR flip-flop 
is to hold signal OPTRDWR- false until the 
command-end condition (MDEND true) occurs. 
This signal is an inhibit input to the memory 
control MCRW- logic of the CPU (Dwg 394562, 
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Figure 4-13. Multiplication Examples for Positive and Negative Multipliers and Multiplicands 
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Sht 4). It will not be effective until the following 
T4 time period when CPU logic flip-flop 
MCFRDWR is reset to disable the MCRW- line; 
that is, until the current read-restore memory cycle 
that loads the multiplicand is completed. 

4-324. During time period Tl, while the memory- 
read operation is occurring, signal IXRDR- 
becomes false (MDFllMUL TIRCl) and directly 
resets all index register flip-flops preparatory to 
product accumulation. At the end of time period 
Tl, the ground is removed from the index register 
direct reset inputs, and phase control flip-flop 
MDFIOMUL is set (MDFIOMULS true). Once the 
MDFIOMUL flip-flop is set, iterative execution of 
the multiply algorithm is enabled. Flip-flop 
MDFll is not reset until the end of the following 
T4 time period (SCDCll- KKMDT4), just as the 
memory access inhibit condition becomes effec- 
tive. 

4-325. Cyclic operations which occur while flip- 
flop MDFIOMUL is set are under control of the 
iteration count and the state of the least-significant 
multiplier bit ACR15. Assuming that the iteration 
counter received a correct initial loading of IIII2 
(Fie) when the instruction first word was fetched, 
signal ICDCO will be false (iteration count not 
zero) for 15 repetitions of the partial product 
accumulation cycle; that is, until the count has 
been decremented down to zero. During this time, 
multiplier bit ACR15 alone determines the path 
sequencing will take. 

4-326. Suppose that the first multiplier bit 
examined is a zero (signal MUL0N15N true). 
According to the algorithm, this condition requires 
shifting the sum of the partial products right one 
place without adding anything to it. This right shift 
can be accomplished in one clock period; that is, at 
a rate of five times per machine cycle. State 
MUL0N15N true enables index register right shift- 
ing for one clock time (generates IXCLKENBl and 
IXSROPT signals), and also right shifting of the 
accumulator register (generates ACCLKENB4, 
ACSROPT, and ACSROPTl signals). Signal 
ACSROPT couples the two registers together by 
enabling accumulator bit to copy index register 
bit 15. 



4-327. A decision is made simultaneously with the 
right-shift operation which determines the sign 
placed into the vacated sign bit position of the 
index register. If flip-flop MDFR is not set; 
indicating that no previous multiplier bit examined 
was a one, and the partial sum is still zero and, 
therefore, positive; a zero is copied into the IXROO 
bit register. This is automatic, occurring whenever 
the register is clocked and no input has been 
enabled. But if the MDFR flip-flop is set, the 
shifted sum of the partial products contains signifi- 
cant data (is not zero), and should have the same 
sign as the multiplicand. Signal IXROOS accom- 
plishes this by causing sign bit register IXROO to 
copy the state of the sign bit register MBROO of 
the memory buffer register. 

4-328. Now suppose that the multiplier bit 
examined is a one (signal MUL0N15 true). By the 
algorithm, the value of the multiplicand must be 
added once to the accumulating sum of partial 
products followed by the shifting of the resultant 
one place to the right. This operation requires two 
time periods; one to enable the adder inputs and 
allow the outputs to settle, and another to load the 
sum into the index register but offset one bit 
position while direct shifting the accumulator 
register. 

4-329. When signal MUL0N15- becomes false 
(MDFIOMUL ICDCO- ACR15), signal ADENIX2- 
goes false to gate index register outputs to the 
adder input A gates, signal ADENMBA- goes false 
to gate memory buffer register outputs to adder 
input B gates, and signal ADINCRY- is made false 
to cause the ADINCRY input to be a 1. Also, 
MUL0N15- false enables the clock gate 
(KKTCENB) for flip-flop MDFTC, and the flip- 
flop is set by the next clock, ending the first phase 
of the add-and-shift operation. 

4-330. The setting of timing control flip-flop 
MDFTC activates signal MUL02- and several other 
second-phase control signals. This state causes the 
clock-enable gates for the index and accumulator 
registers to be enabled (false states of signals 
IXCLKENBl- and ACCLKENB4-). Simultan- 
eously, it makes signal IXLDADSR true, activating 
the auxiliary right-shift input gates (IXROIS 



4-52 



through IXR15S) provided by the MD logic for the 
loading of adder outputs ADSUMOO- through 
ADSUM14- into index bits IXROl through IXR15. 
The state of the multiplicand sign bit MBROO is 
copied into the index register sign bit position 
IXROO through gates MULIX00S1-, MUL04-, and 
IXROOS. All of this occurs to the index register on 
the next clock. 

4-331. At the same time, the false state of signal 
ACSROPTl- activates the direct right-shift gates of 
the accumulator register, and adder output bit 
ADSUM15- is copied by the ACROO bit register 
through gates MUL03- and ACROOS. This occurs at 
the same time the index register is shift loaded 
with the sum output, so the net effect is that of 
adding the value of the multiplicand to the 
most-significant half of the partial product and 
shifting the product and multipUer held in the 
coupled double-length register one bit to the right. 

4-332. The first time a one is detected in bit 
ACR15 (that is, the first time MUL02- becomes 
false), flip-flop MDFR will be set and remain set 
for the rest of MPY instruction execution. This 
represents the detection of the first significant digit 
of the multiplier, and infers that the sum of partial 
products is no longer zero and must assume the 
sign of the multiplicand. 

4-333. Since signal KKTCENB is still true during 
the second phase, and the state of output MDFTC- 
is false, timing control flip-flop MDFTC will be 
reset at the same time that the product and 
multiplier are shifted. Also, MUL02- false makes 
signal ICDECOPT- false, and the iteration counter 
is decremented by one count at the same clock 
time. These cycles repeat until 15 iterative shifts 
have occurred and the iteration count has reached 
zero; that is, until the ICDCO flip-flop has been set. 

4-334. If the MPY instruction has been performed 
correctly up to this point, the only vestige of the 
multiplier will be its sign bit, now in ACR15. A 
subtractive correction is necessary only when the 
multiplier is negative (ACR15 is a 1). This makes 
signal MUL015- false (MDFIOMUL ACR15 
ICDCO), causing the inverse memory buffer register 
outputs to be applied to the adder input A gates 
(signal ADENMBC2- false), and the index register 



outputs to be applied to the adder input B gates 
(signal ADENIX2- false). Nothing can happen to 
the adder sum outputs until after the next T2 time 
period, when timing control flip-flop MDFTC is 
toggled set again by the false state of MUL05-. 

4-335. Once the MDFTC flip-flop is set, signal 
MUL06- becomes false, causing the sum output of 
the adder to be gated back into the index register 
(signal IXLDAD3- false) and loaded by the next 
clock after time period T3. The false state of signal 
MUL06- also causes the output of overflow check 
gates to be checked. A false output at MUL07- 
indicates that overflow has occurred (ADAOO 
ADBOO ADSUMOO- + ADAOO- ADBOO- 
ADSUMOO). Signal ADFOVFS- becomes false 
whenever MUL08- is false, causing the adder 
overflow flip-flop to be set. 

4-336. The remaining steps generate an MD logic 
CCCMEND signal to reactivate the CPU sequencer 
and also perform an accumulator right-shift opera- 
tion to format the final product correctly. These 
things occur after time period T3 of the correction 
cycle (MUL06- false) for negative multiphers and 
immediately after the iteration count has reached 
zero for positive multipliers (MDFIOMUL ICDCO 
ACR15-). 

4-337. During time period T4, signal MULll- is 
false (MULIO T4MD). This causes command-end 
gate output MDEND- to go false, re-enabling 
memory access inhibit line OPTRDWR- and 
command-end line CCCMEND1-. The MDFRDWR 
flip-flop receives an MDEND reset input so that it 
will be reset by the clock at the end of T4. This 
prevents the memory access inhibit line 
OPTRDWR- from going false again after MDEND- 
goes true. 

4-338. The MULll- signal also enables the 
MDFIOMUL flip-flop clock so that the flip-flop 
can be toggled reset at the end of time period T4. 
Signals ACSROPTl- and ACCLKENB4- are both 
false because of the MULll- state, causing the 
contents of the accumulator to be shifted right one 
bit position. The output of the MUL12- gate 
(MULIO T4MD IXROOMD) provides an output to 
the accumulator sign bit gate ACROOS. Thus, the 
clock at the end of the T4 time period will spread 
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the product so that the lesser half will reside in 
ACROl through ACR15, and the sign in ACROO 
will be the same as that in IXROO. Once the 
MDFIOMUL flip-flop is reset, CCCMENDl- 
becomes true again, and the MD logic is both 
deactivated and decoupled from the CPU. 

4-339. Divide Algorithm 

4-340. Division is performed as a succession of 
trial subtractions of the divisor from the dividend, 
keeping track of the number of times subtraction 
was successful without producing a negative 
remainder. This number of successful subtractions 
is the quotient. Sixteen trial subtractions are 
required to form the complete, 16-bit quotient 
(sign and 15 magnitude bits), the value of each 
digit being determined by a separate subtraction 
step. 

4-341. The rules for forming a quotient and a 
declining remainder during the execution of DIV 
instructions are as follows: 

a. A trial subtraction of the divisor from the 16 
most-significant bits of the dividend (or the 
remainder of the dividend) will precede each 
quotient bit determining iteration. 

b. If any trial subtraction (except the last itera- 
tion) results in a positive remainder, the sub- 
traction is executed, the remainder of the 
dividend and any previously determined digits 
of the quotient are shifted left one bit position, 
and a one is appended to the less-significant end 
of the quotient (ACR15). 

c. If the first trial subtraction results in a negative 
remainder, the overflow flip-flop is set imme- 
diately, the subtraction is not executed, and the 
instruction is terminated without forming a 
quotient. The division overflow criteria is 
explained in paragraph 4-345. 

d. If any subsequent trial subtraction (except the 
last iteration) results in a negative remainder, 
the subtraction is not executed, the remainder 
of the dividend and any previously determined 
digits of the quotient are shifted left one bit 
position, and a zero is appended to the less- 
significant end of the quotient. 



e. If the last iteration trial subtraction results in a 
positive remainder, the subtraction is executed, 
the quotient only is shifted left one bit posi- 
tion, and a one is appended as the 
least-significant bit of the final quotient. 

f . If the last iteration trial subtraction results in a 
negative remainder, the subtraction is not exe- 
cuted, the quotient only is shifted left one bit 
position, and a zero is appended as the least- 
significant bit of the final quotient. 

4-342. The division algorithm can be executed 
only with positive numbers. If either the dividend 
or the divisor is signed as a negative number, it is 
assumed that it was expressed in 2's complement 
form. Any negative operand is automatically 
recomplemented prior to iterative subtraction. The 
original signs of the dividend and divisor are saved 
for use in determining the signs of the quotient and 
the remainder after division has been completed, 
according to the rules which follow: 

a. The sign of the final remainder will always be 
the same as that of the original dividend. If 
negative, it will be a one, and the magnitude 
will be expressed in 2's complement form. 

b. The sign of the final quotient will be positive 
when the original signs of the dividend and 
divisor were both the same (both positive or 
both negative). 

c. The sign of the final quotient will be negative 
only when the signs of the original dividend and 
divisor differed. In such cases, the quotient will 
be expressed in 2's complement form. 

4-343. After the division process is completed, the 
16-bit (sign and 15 magnitude bits) quotient will 
be located in the accumulator. The final remainder 
is the content of the index register and is com- 
posed of sign and 15 magnitude bits. The signs of 
these two resultants are consistent with the signs of 
the original dividend and divisor and the rules for 
sign determination just described. Negative resul- 
tants are always given in 2's complement form. 

4-344. The foregoing algorithm gives the correct 
quotient and remainder for any combination of 
positive and negative dividends and divisors, unless 
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overflow is detected, of course. The division 
process is illustrated in figure 4-15, using 6-bit 
numbers to simplify the example. Notice that in 
each step, the divisor is subtracted from the 16 
most-significant bits of the dividend or the subse- 
quent remainder of the dividend, and the sign of 
the difference determines its disposition as well as 
the value of one bit of the quotient. The dividend 
or remainder is shifted left one place for each step, 
and the quotient bits are shifted into the places 
vacated on the right. 

4-345. A check for overflow is made only once 
during the execution of a DIV instruction. The 
very first trial subtraction iteration is a test for 
overflow. Since the magnitude limit of the accumu- 
lator register is 2^^ - 1, overflow will occur if the 
dividend is so large, or the divisor so small that the 
quotient is greater than 2^5-1. Therefore, the first 
step of the division process checks these relative 
magnitudes. This also determines the sign bit of the 
quotient, which must be zero (positive) for positive 
dividends to be successfully divided by positive 
divisors. The quotient of two positive numbers is 
negative only when an overflow condition exists. 

4-346. Divide Execute Sequencing 

4-347. DIV instruction fetch phase sequencing, 
which loads both instruction words and loads the 
memory address register with an indexed or unin- 
dexed effective word address for the stored divisor, 
has been discussed previously in paragraph 4-296. 
The following is a description of the multiply- 
divide logic and the sequence of operations that 
execute the divide algorithm just discussed. Figure 
4-16 is a flow diagram of divide instruction 
execution. 

4-348. DIV instruction execution begins with the 
setting of MD logic flip-flop MDFll. This makes 
signal MDFllDIV true (MDFll INDCOC) for one 
machine cycle, during the first part of which the 
divisor is read from memory and loaded into the 
memory buffer register. This memory-read opera- 
tion is automatic during time periods TO and Tl of 
all machine cycles, unless expressly inhibited. This 
is done right away, since fetching of the divisor is 
the last memory access operation required until the 
end of the DIV instruction execution. 



4-349. The first clock after MDFll is set causes 
read-write control flip-flop MDFRDWR to be set. 
The function of the MDFRDWR flip-flop is to hold 
signal OPTRDWR- false until the command-end 
condition (MDEND true) occurs. This signal is an 
inhibit input to the memory control MCRW- logic 
of the CPU (Dwg 394562, Sht 4). It will not be 
effective until the following T4 time period, when 
CPU logic flip-flop MCFRDWR is reset to disable 
the MCRW- line; that is, until the current read- 
restore memory cycle that loads the dividend is 
completed. 

4-350. While the memory-read operation for the 
divisor is occurring, the adder logic is used to 
recomplement the second half of negative 
dividends. It will be recalled (paragraph 4-300) that 
the accumulator register portion of negative divi- 
dends is recomplemented during the DIV instruc- 
tion second-word fetch cycle. So during time 
period TA of this cycle, signal ADENIXC is 
generated unconditionally and gates inverted out- 
puts of the index register to the adder input A 
gates. The adder will also receive a true ADINCRY 
signal if no overflow carry occurred when the 
accumulator register was recomplemented (MDFR 
flip-flop remained reset). This will cause inversion 
only (I's complement) to occur to the index 
register contents, since it is the more-significant 
half of the dividend, and complementing 'of the 
less-significant half in the accumulator did not 
generate and store a carry. But if a carry was 
generated (MDFR flip-flop is set), signal 
ADINCRY will not be true, and the 2's comple- 
ment of the index register contents will be seen at 
the adder sum outputs. 

4-351. It is not until the end of Tl that the sign of 
the dividend is actually checked to determine a 
control action. If the sign is negative, signal DIVOl 
is true (MDFllDIV TIRCl IXROO), causing signal 
MDFNS to store the sign in the MDFN flip-flop 
and signal IXLDAD3 to gate the ADSUM outputs 
of the adder to the index register inputs. The same 
clock at the end of time period Tl also resets the 
MDFR flip-flop for possible use later. If the sign of 
the dividend happens to be positive (IXROO is 
zero), naturally the contents of the index register 
will not be changed, and there is no need to store 
its sign in the MDFN flip-flop, since that flip-flop is 
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Figure 4-16. Divide Instruction Execution Flow Diagram (Sheet 2 of 2) 
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already reset. The MDFR flip-flop is cleared for 
reuse, however, in either case. 

4-352. During time period TB of the machine 
cycle, the adder is used to complement the divisor 
read in during time period TA, if its sign is 
negative. State DIV04 is true (MDFllDIV TBMD), 
which makes signal ADENMBC2 true also and 
gates the inverted outputs of the memory buffer 
register into the adder input B gates. Without signal 
ADINCRY being true, the adder provides the 2's 
complement of the divisor at its sum outputs. Now 
if the sign of the original divisor is negative, signals 
MBLDADRBO- and MBLDADLBO- will go false 
during time period T3 (MDFllDIV MBROO 
T3MD), setting flip-flop MDFR to store the nega- 
tive sign of the divisor and gating the ADSUM 
outputs of the adder back to the memory buffer 
register inputs. 

4-353. Once both the dividend and the divisor are 
positive numbers, the process of iterative subtrac- 
tions can begin. Iterative processing starts imme- 
diately after the MDDCl flip-flop is set, which 
occurs at the end of the next T4 time period. 
Memory access is disabled by placing an inhibiting 
high level on the MCRW- line at time period T4 
and thereafter until the command-end state is 
reached. 

4-354. The setting of flip-flop MDFTCENB 
enables the clock for timing control flip-flop 
MDFTC, allowing it to toggle at the time period 
clock rate; that is, at 5 times per machine cycle. 
Before proceeding, the function of this flip-flop 
should be clearly understood. Each repetition of an 
iteration cycle in the MDDCl state requires two 
time periods. The first time period is defined by 
the MDFTC flip-flop being in the reset state, 
always. It is at this time that the inputs to the 
adder are first enabled so that the carry propaga- 
tion of subtraction (complement addition) can be 
completed before the adder outputs are copied. 
The next clock toggles the MDFTC flip-flop set, 
beginning the second time period. During this 
period the actual conditional subtraction does or 
does not take place, depending upon whether or 
not the adder sum outputs are gated back to the 
inputs of the index register. The other MDDC 
states through which the instruction sequencing 



may pass also require two time periods each and 
make use of the toggling of the MDFTC flip-flop to 
distinguish the first time period (MDFTC-) from 
the second (MDFTC). A new cycle or state is 
started each time the MDFTC flip-flop toggles 
reset. 

4-355. State MDDCl is the basic algorithm state, 
during which the iterative loop repeats until the 
count in the iteration counter is reduced to zero. It 
requires 15 two-period cycles to do this, unless the 
sequence is interrupted by detection of overflow 
during the first iteration. In the first time period, a 
trial subtraction is performed. Signal ADENIX2 
gates the contents of the index register to the 
adder input A gates, and signal ADENMBC2 gates 
the inverted outputs of the memory buffer register 
to the adder input B gates. Both of these control 
signals are functions of MDDCl being set; conse- 
quently, these same two sources of adder input 
data are constantly enabled during the entire 
iterative portion of the instruction. 

4-356. Three general iteration conditions are 
recognized by the state MDDCl logic: the first 
iteration, when the count is F^j^g (ICDCF true); the 
last iteration, when the count is (ICDCO true), 
and the intermediate iterations, when the count is 
smaller than F but larger than (ICDCONFN true). 
Each has its own function and conditional sequeno- 
ing. 

4-357. After the MDFTC flip-flop is set, the sign 
of the remainder (state of ADSUMOO) is checked. 
When the remainder is positive (ADSUMOO is 0), it 
means that the absolute value of the divisor is 
smaller than the absolute value of the 16 most- 
significant bits of the dividend or dividend 
remainder and that subtraction is permissible. 
Signal IXLDADSL gates the adder sum outputs 
back to the index register through MD logic 
shift-left gates so that they arrive shifted one bit 
position toward the more significant end. The same 
signal also gates the content of the accumulator 
register most-significant magnitude bit ACROl to 
index register least-significant bit position IXR15 
input. Simultaneously, signal ACSLOPT sets up the 
accumulator register for a direct left-shift opera- 
tion, and a one is shifted into the ACR15 bit 
position as a significant quotient bit. 
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4-358. If the remainder from the trial addition is 
negative (ADSUMOO is 1), it means the subtraction 
is not permissible. If this occurs on the first 
iteration, overflow is indicated, and the MD logic 
immediately leaves the MDDCl state and goes into 
an instruction termination sequence which will be 
discussed shortly. At any other time, however, the 
dividend remainder and quotient are merely shifted 
left one bit position without the subtraction being 
completed. This is accomplished by signals 
IXSLOPT, IXSR15S, ACSLOPT and ACR15S-. 
The IXSLOPT signal enables index register direct 
left-shift gates, and signal IXR15S gates the output 
of accumulator bit register ACROl into index 
register least-significant bit register IXR15. Signal 
ACSLOPT enables the direct left-shifting of the 
accumulator register, as before, while signal 
ACR15S- causes a zero to be shifted into the 
ACR15 accumulator bit register as a significant bit 
of the quotient. 

4-359. At the same time that the coupled index 
and accumulator registers are being set up to 
perform a load and/or shift operation, signal 
ICDECOPT enables the iteration counter to down 
count. When the second time period clock occurs, 
the index and accumulator registers are reloaded, 
the iteration count is decremented by one, and the 
MDFTC flip-flop is reset, beginning the first time 
period of the next MDDCl cycle. 

4-360. After the fifteenth iteration, the accumu- 
lator register contains only one bit of the original 
dividend in bit register ACROO, and the iteration 
count is zero (ICDCO true). During the second time 
period of the last cycle, after the MDFTC flip-flop 
has been set, the sign of the trial final trial 
subtraction is looked at. If the remainder is still 
positive, signal IXLDADl- is made false to 
complete the subtraction by loading the remainder 
back into the index register, but this time without 
the displacement one bit position to the left. 
Left-shifting of the accumulator register is enabled 
by signal ACSLOPT, as usual, and a 1 is shifted 
into the least-significant bit position by making 
signal ACR15S true. But if the remainder is 
negative, the contents of the index register are not 
changed, signal ACSLOPT left shifts the accumu- 
lator register, and signal ACR15S is made false to 
shift in a zero as the last bit of the quotient. The 



second period clock that performs these final 
operations on the index and accumulator registers 
also causes the MDFTC flip-flop to toggle reset and 
resets the MDDCl flip-flop. 

4-361. The next procedure, after division has been 
completed, is to determine the signs of the final 
quotient and remainder and to complement any 
negative resultants. It will be recalled that the 
original sign of the dividend was stored in the 
MDFN flip-flop and the original sign of the divisor 
was stored in the MDFR flip-flop prior to the 
recomplementing of negative operands. If these 
two original signs differ (MDFN © MDFR), it 
means that the final quotient is negative and the 
contents of the accumulator register must be 
complemented. This is done by advancing to state 
MDDC5. If the original signs are the same and 
negative (that is, the dividend was negative and 
MDFN is set), the remainder of the negative 
dividend must also be negative, and the contents of 
the index register must be complemented. This is 
done by advancing to state MDDC4, either directly 
from state MDDCl or two time periods later from 
state MDDC5. Now if both original signs were 
positive to begin with, states MDDC5 and MDDC4 
are bypassed, advancing directly from MDDCl to 
state MDDCO, the command-end state. 

4-362. State MDDC5 is a two time-period state 
entered into if flip-flop MDDC5 set enable signal 
MDDC5S is true when the clock resets flip-flop 
MDDCl. This signal can only be true if the stored 
operand signs differ and it is the last time period of 
the last iteration ((MDFN MDFR- + MDFN- 
MDFR) MDITCICO). As soon as the MDDC5 
flip-flop is set, signal ADENACCOPT becomes 
true, gating the inverted outputs of the accumula- 
tor register into the adder input A gates. After the 
MDFTC flip-flop is set by the next clock, signal 
ACLDAD3 gates the ADSUM outputs of the adder 
(complement of the quotient, since the ADINCRY 
signal is not active) back to the accumulator 
register inputs. The next clock loads the register 
and resets flip-flops MDFTC and MDDC5. 

4-363. State MDDC4 is also a two time-period 
state entered by the setting of the MDDC4 
flip-flop. Signal MDDC4S will be true during the 
last time period of the MDDCl state, if both stored 
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signs are negative (MDFN MDFR MDITCICO) or 
during the last time period of state MDDC5, if the 
stored sign of the dividend is negative (MDDC5 
MDFTC MDFN). As soon as the MDDC4 flip-flop 
is set, signal ADENIXC gates the inverted outputs 
of the index register into adder input A gates. 
After the MDFTC flip-flop is set by the next clock, 
signal IXLDAD3 gates the ADSUM outputs of the 
adder (complement of the remainder, since the 
ADINCRY signal is not active) back to the inputs 
of the index register. The next clock loads the 
register and resets flip-flops MDFTC and MDDC4, 
preparatory to ending the instruction. 

4-364. Before analyzing DIV instruction com- 
mand-end logic, consider the sequence of events 
for instruction termination when overflow is 
detected in the first iterative cycle. This happens 
when the remainder of the first trial subtraction is 
negative (MDITC ICDCF ADSUMOO) and is indi- 
cated by the false state of signal DIV10-. As soon 
as DIVIO- becomes false, signal ADFOVFS- 
becomes false and the next clock sets overflow 
flip-flop ADFOVF. If the original dividend held in 
the coupled index and accumulator registers was 
negative, as indicated by the MDFN flip-flop being 
set, it must be recomplemented back to its original 
form, one register at a time, before terminating the 
instruction. In this case, the clock that resets the 
MDDCl flip-flop to end the MDDCl phase also 
sets flip-flop MDDC3 and resets flip-flop MDFR, 
entering state MDDC3. 

4-365. The purpose of state MDDC3 is to recom- 
plement the less-significant half of the dividend 
held by the accumulator register, when the instruc- 
tion is terminated by detecting overflow. As soon 
as the MDDC3 flip-flop is set, signal 
ADENACCOPT gates the inverted outputs of the 
accumulator register to adder input A gates. Signal 
ACLDAD3 gates the adder ADSUM outputs back 
to the accumulator register inputs during the 
second time period of the state. The next clock 
reloads the accumulator with the 2's complement 
of its content and sets the MDFR flip-flop pre- 
viously cleared, if complementing causes overflow 
(MDCRY true). This represents a carry into the 
more-significant half of the dividend and is stored 
until that half is recomplemented. 



4-366. The logic advances unconditionally from 
state MDDC3 to state MDDC2. State MDDC2 is a 
two time-period phase during which the index 
register portion of a negative dividend is restored. 
The MDDC3 flip-flop is reset and the MDDC2 
flip-flop is set by the same clock. With the MDDC2 
flip-flop set, signal ADENIXC gates the index 
register inverted outputs into the adder input A 
gates. Also, signal ADINCRY will be generated if 
the MDFR flip-flop remains reset. This will cause 
the more-significant half of the dividend comple- 
ment to be a I's complement. The ADINCRY 
signal will not be generated if a carry was stored 
from the preceding state MDDC3, however (MDFR 
set). In this case, the 2's complement will be 
formed to account for the carry from the less- 
significant half of the dividend. Signal IXLDAD3 
gates the adder ADSUM outputs back to the index 
register inputs during the second time period of the 
state, and the next clock reloads the index register 
and resets flip-flop MDDC2. 

4-367. The command-end signal, MDEND, 
becomes true just as soon as no further processing 
of the final quotient and remainder (or dividend in 
overflow terminated operations) is required. Dur- 
ing the DIV instruction execution, this is indicated 
by signal DIV13-, DIV14-, or MDDC0S4- being 
false. The DIV13- signal is false unconditionally 
during the second time period of state MDDC2, 
after completing the dividend recomplementation. 
The DIV14- signal is false unconditionally during 
the second time period of state MDDC4, after 
complementing the remainder. Finally, signal 
MDDC0S4- is false when advancing directly from 
state MDDCl or state MDDC5 to the end-of- 
command phase. 

4-368. As soon as signal MDEND is generated, the 
CCCMENDl- line to the CPU command-end logic 
goes false to terminate the instruction. If the CPU 
machine cycle is not in the T4 time period, the 
next clock sets flip-flop MDDCO. This is a com- 
mand-end holding state and keeps MDEND true 
until the end of the next T4 time period, when the 
flip-flop will be reset. Since signal MDEND- is no 
longer true, signal OPTRDWR- is no longer active, 
removing the inhibit level from the memory access 
control logic. Also, the reset inputs of flip-flops 
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MDFRDWR and MDFTCENB are activated by 
MDEND, and the next clock resets them, disabling 
the memory access inhibit latch and MDFTC 
flip-flop toggle action. 

4-369. Memory read-write access is fully restored 
at the end of time period T4. The clock at the end 
of this time period advances the CPU sequence 
counter to the fetch phase, and the false level on 
memory control signal MCRW- line enables the 
next instruction to be fetched. 



4-374. Figure 4-17 is a block diagram of CPU and 
DMA card functional elements that take part in 
memory system addressing, data transfer and stor- 
age, and in memory system read-write control. In 
it, data word transfer paths to and from the 
memory modules are shown by heavy lines. The 
memory module block on the right represents from 
one up to four memory modules receiving inputs 
and supplying outputs in parallel, except as noted. 
However, only one memory module may be 
addressed for access at any given time. 



4-370. MEMORY SYSTEM 

4-371. The minimal configuration of the 704 
Processor is provided with an internal main mem- 
ory having a capacity of 4096 18-bit words (16 
data bits plus right- and left-byte parity check 
bits). Destructive readout (DRO) magnetic core 
arrays with integral X- and Y-line drivers, Z-inhibit 
drivers, and Z-sense amplifiers for 4096 words 
mounted on a single memory module assembly 
provide the building blocks which allow easy 
plug-in expansion of the memory system up to a 
full internal capacity of 16,384 words. Memory 
data and address buffer registers and the logic 
which generates memory timing and control signals 
are a part of the basic CPU and are shared by all 
memory module assemblies (up to four) in the 
memory system. 

4-372. The DRO core memory operates in a 
conventional manner, going through read and 
restore phases when data is retrieved and through 
clear and write phases when data is stored. Total 
memory cycle time for either operation is one 
machine cycle. 

4-373. Primary access to the memory system is 
through the CPU. However, a direct memory access 
option, made operational by plugging in a DMA 
card, gives memory access to external devices 
connected to the direct memory access bus connec- 
tor (DMAC) without disturbing the CPU. When the 
DMA option is operational, DMA requests for 
memory access take precedence over similar CPU 
requests by merely suspending CPU operation 
temporarily until the direct memory access opera- 
tion is completed. The direct memory access 
option is discussed more fully, starting at para- 
graph 4-535. 



4-375. Memory Addresses 

4-376. The memory address word is 15 bits in 
length. This word length permits addressing of up 
to 32,768 discrete locations; however, as presently 
configured, the 704 Processor memory system 
provides a maximum of only 16,384 discrete 
locations. The first bit of the address word is not 
used (must be zero), and the second and third bits 
of the address specify the memory module (0 
through 3) to be enabled (must be 00 to address 
module in 4096-word memory systems). The 
remaining 12 bits of the address specify the word 
location (0000 through 4095) within the memory 
module enabled. 

4-377. The three most significant bits of the 
address are gated from the memory address register 
inputs for bits through 3 (MAROIS through 
MAR03S), decoded, and made to set one of four 
module enable flip-flops (MCFENO to MCFEN3), 
the outputs of which are sent to the memory 
modules, enabling one of them. The 12 least 
significant bits of the address come directly from 
the memory address register outputs (MAR04 
through MAR15) and are applied, in parallel, to all 
memory modules, where the enabled memory 
module decodes them to select appropriate X- and 
Y-line drivers. Memory module logic is discussed in 
paragraph 4-477. 

4-378. Module enable flip-flops MCFENO through 
MCFEN3 (Dwg 394562, Sht 5) supply the memory 
module enabling signal (ground on one of the 
MCFENO- through MCFEN3- lines). Each flip-flop 
serves one memory module card of 4096-word 
locations. Ungated clock KKMCEN causes the 
flip-flops to copy the outputs of a four state 
decoder for memory address register inputs 
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MAROIS through MAR03S at the end of each T4 
time period. For example, if all three input bits are 
O's, detector gate MCFENOR output will be false, 
causing flip-flop MCFENO to be set, and any 
previously set flip-flop to be reset. 

Note 

To make the D-input of a D-type flip- 
flop function as a D-input,_the logical 
functions of outputs Q and Q are revers- 
ed (that is, Q true is considered the set 
state). 

In the same manner, detected bit states 001, 010, 
or Oil will set flip-flop MCFENl, MCFEN2, or 
MCFEN3, respectively. 

4-379. Automatic addressing of memory module 
occurs whenever the CPU sequences to the start of 
an interrupt service cycle or to the start of 
interrupt return (MALDIT + MALDIC). Signal 
MARDRL- becomes false (ground) at this time for 
two 20-mc clock intervals, directly setting 
MCFENO and directly resetting MCFENl, 
MCFEN2, and MCFEN3 flip-flops. The same signal 
also directly resets memory address register flip- 
flops MAR04 through MAR09, effectively forcing 
an address restricted to the first 64 memory 
locations. The operational significance of this is 
discussed in paragraph 4-420. 

4-380. A module enable flip-flop is set in accor- 
dance with bits MAROIS through MAR03S at the 
beginning of each machine cycle, enabling a 
memory module. Likewise, the memory address 
register supplies positive-true outputs for the 
remaining 12 address bits to the memory modules, 
whether memory access will be performed or not. 
Memory access is independent of the addressing 
function; operationally, memory access is under 
complete control of memory timing logic (par- 
agraph 4-433). 

4-381. The memory address field of non-generic 
instruction words is used to form the address of 
operands or the address of the next instruction in 
program jumps. This field contains only 11 bits; 
the other four bits of the address must be added to 
it before it can be used to address a memory 



location. This formation of operand addresses is 
discussed in paragraph 4-406. 

4-382. Since the 11 -bit memory address field can 
address only 2048 words, this field gives rise to the 
concept of word pages. In this concept, the 
most-significant bit of the 12-bit word is grouped 
with the 2-bit module number to form a 3-bit word 
page number (0 through 8). The remaining 11 bits 
of the address specify one of the 2048 words in the 
page (0000 to 2047). Once the memory address 
word is formed, the concept of pages has no 
further significance in the CPU logic or the 
memory module logic, and the address is treated as 
a 3-bit module address followed by a 12-bit word 
address. 

4-383. It is also possible to address either the left 
or right byte of a memory word, and this leads to 
further subdivision of the memory into byte pages 
of 2048 bytes each. Since there are twice as many 
bytes as words in memory, 16 bits are required to 
address all byte locations of a 32,768 word 
memory. In this case, a 5-bit byte page number is 
added to the 11-bit memory address field to form 
the 16-bit address. 

4-384. Individual bytes cannot be accessed in 
memory, and the 15 most-significant bits of the 
byte address are used to address the word contain- 
ing the byte. The 16th bit is used in the CPU to 
select the left or right byte of the word. In 
practice, the 16-bit byte address is formed and is 
then divided by two by shifting it one place to the 
right. The quotient is used as the word address, and 
the remainder (least-significant bit shifted off) is 
stored in byte control flip-flop CCFBYTE in the 
CPU control logic (paragraph 4-61). If the remain- 
der is a 0, the left (even) byte of the word from 
memory is copied; the right (odd) byte is selec- 
tively copied if the remainder is a 1. 

4-385. The concept of breaking down the memory 
locations into word pages of 2048 words each and 
into byte pages of 2048 bytes each is illustrated in 
figure 4-18 for a 16,384-word memory. The 
module number plus the most-significant bit of the 
word number define the 8 word page addresses. In 
effect, this is simply addressing the first 2048 
locations (0000 through 2047) of a module when 
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Figure 4-18. Memory Word Page and Byte Page Addressing (4096-Word Modules) 
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the most-significant bit is and the last 2048 
locations (2048 through 4095) when the most- 
significant bit is 1. 

4-386. The module number plus the two most- 
significant bits of the word number define the 16 
byte page numbers. This breaks the word locations 
of a module into four blocks of 1024 words each 
(0000-1023, 1024-2047, 2048-3071, and 
3072-4095), and the remaining 10 bits of the 
memory address specify one of the 1024 words in 
the selected block. The 1024 words are broken 
down into 2048 bytes in the CPU, as described 
above. 



4-391. The address of the next instruction to be 
executed is the same as the program count in the 
program counter, but is not necessarily loaded into 
the memory address register from the program 
counter register. In some cases, the incremented 
program count is not loaded into the program 
counter register from the adder until the moment 
when one instruction execution cycle is completed 
and the next is started. In these cases, the adder 
output must be loaded into the program counter 
and the memory address registers simultaneously in 
order for the address of the next instruction to be 
in the memory address register in time to address 
the next instruction. 



4-387. Memory Address Register 

4-388. The memory address register is a 16-bit 
register, consisting of type-D flip-flops MAROO 
through MAR15 (Dwgs 545497-500, Sht 6) 
which supply the 15-bit memory address word to 
the memory enable flip-flops and to the memory 
modules. Flip-flops MAROO through MAR03 are 
logically redundant, since bit is never used, and 
bits 1, 2, and 3 are taken directly from the set 
input gates and applied to the memory enable 
flip-flops. This register is contained on the four 
Arithmetic cards with the four most-significant 
flip-flops on Arithmetic card 1 and four flip-flops 
on each of the other Arithmetic cards 2, 3, and 4. 

4-389. The source of the address may be the 
adder, the program counter, or "forced" addresses 
generated in the memory address register control 
logic, depending on the operation being performed. 

4-390. The contents of the program counter 
(PCROl through PCR15) are gated into the inputs 
of the memory address register (MAROIS through 
MAR15S) by signal MALDPC (Dwg 394557, Sht 
7) whenever an adder output address is not to be 
used, an address is not being forced, and the CPU 
clock has not been inhibited for direct memory 
access (MALDAD- MALDADSR- MALDPCl 
CCFCLK). Addresses are forced only during an 
interrupt service cycle or an interrupt return cycle. 
At times other than these, the address is either the 
address of the next instruction to be executed, the 
address of an operand, or an externally supplied 
address for direct memory access. 



4-392. The program count is gated into the 
memory address register inputs from the adder 
(ADSUMOl through ADSUM15) by signal 
MALDAD, if a program skip occurs during the 
execution of a skip generic instruction (SCDCl 
SCDC7R CCFSKP CCFCLK); during the execution 
of JMP or JXS instructions (SCDCl SCDC7R 
INDCBYTE- INDCO- CCFCLK); during the read 
memory phase of INR instructions, and during the 
load link phase of interrupt service cycles (SCDCl- 
CCCMENDA CCFCLK). These cases are discussed 
in detail in the discussion of program execution 
(paragraph 4-126). 

4-393. Operand addresses are gated into the 
memory address register inputs from the adder 
during the fetch phase of all non-generic instruc- 
tions. If the instruction is a word instruction 
(SCDCl INDCBYTE- INDCO- CCFCLK), the 
operand address is gated into the memory address 
register by signal MALDAD. Bits 01 through 15 of 
the operand address are gated into the correspond- 
ing memory address positions. 

4-394. During the fetch phase of byte instructions 
CMB, LDB, and STB; signal MALDADSR is genera- 
ted (SCDCl SCDC7R INDCBYTE CCFCLK), 
which gates bits 00 through 14 of the operand 
address into memory address bit positions 01 
through 15. In effect, the operand address is 
divided by 2 by the one position right shift, and bit 
15 of the byte address is gated into byte control 
flip-flop CCFBYTE (paragraph 4-61). The manner 
in which the operand addresses are formed is 
discussed in paragraph 4-406. 
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4-395. The memory address register clock is 
enabled during time period T4 of each machine 
cycle (MACLKEN). At the end of the time period, 
the address at the register inputs are loaded into 
the register by ungated clock KKA or KKB. 

4-396. Extension Register 

4-397. The extension register (Dwg 394567) is 
used in conjunction with the memory address field 
of memory access instructions to form the direct 
memory address for operands. It consists of five 
flip-flops (EXROO through EXR04) located on the 
Adder Flip-Flop card. Operational use of the 
extension register in the formation of operand 
addresses is discussed in paragraph 4-413. 

4-398. The extension register receives its inputs 
from the program counter register (PCROl through 
PCR05), the memory buffer register (MBRll 
through MBR15), and from the adder (ADSUMOO 
through ADSUM05). It is clocked at the end of 
time period T4 of each machine cycle during which 
an input is gated to the register (EXLDAD + 
EXLDADSR + EXLDMB + EXLDPC). 

4-399. The inputs from bits 01 through 05 of the 
program counter are gated into the flip-flop inputs 
by signal EXLDPC during the fetch phase of all 
non-generic instructions except JMP and JSX 
(SCDCl INDCO- INDCl- INDC2-), copying the 
local page number of the instruction being exe- 
cuted into the extension register. The local page 
number may or may not be used in forming an 
operand address in the next instruction phase, 
depending on the addressing mode of the instruc- 
tion (paragraph 4-419). 

4-400. Execution of a JMP or JSX instruction 
causes the local page number of the next instruc- 
tion to be copied into the extension register from 
the adder at the same time that the address of the 
next instruction is loaded into the program counter 
register from the adder. Signal EXLDADSR 
(SCDCl INDC10R2) gates adder outputs 
ADSUMOl through ADSUM05 to the register 
flip-flop inputs, and the page number is loaded into 
the register at the end of fetch phase time period 
T4. 



4-401. Signal EXLDADSR also copies the local 
page number of the first instruction of an interrupt 
service routine into the extension register at the 
end of the interrupt service cycle load-link phase 
(SCDCD). The address of the instruction is copied 
into the program counter register from the adder at 
the same time. 

4-402. Three control generic instructions enable 
the contents of the extension register to be altered 
under program control. The CXE instruction 
copies the contents of bits 00 through 04 of the 
index register into the extension register. The SML 
or SMU instructions copy a literal number contain- 
ed in the F2 field (bits 12 through 15) plus the last 
digit of the instruction code (bit 11) into the 
extension register. Consequently, the SML instruc- 
tion resets flip-flop EXROO and the SMU instruc- 
tion sets flip-flop EXROO as the contents of their 
F2 field are copied into flip-flops EXROl through 
EXR04. 

4-403. When a CXE instruction is executed, signal 
ADENIX gates the contents of the index register 
into adder input gate A during the last half of the 
instruction fetch phase. Adder outputs ADSUMOO 
through ADSUM04 are gated to the extension 
register inputs by signal EXLDAD, whenever this 
instruction is detected (SCDCl INDC007), so that 
index register bits IXROO through IXR04 are 
effectively copied into EXROO through EXR04 at. 
the end of fetch phase time period T4. 

4-404. When an SML or SMU instruction is execu- 
ted, signal EXLDMB gates bits MBRll through 
MBR15 from the memory buffer register, which 
contains the last bit of the instruction code (1 for 
SMU code 009 and for SML code 008) plus the 
F2 field of the instruction, to the inputs of 
flip-flops EXROO through EXR04 (SCDCl 
INDCXX8 + SCDCl INDCXX9). This data is 
loaded into the register at the end of the instruc- 
tion fetch phase time period T4. 

4-405. During an interrupt service cycle, the con- 
tents of the extension register are stored in 
memory as part of the machine status word. When 
machine status is restored at the end of the 
interrupt service routine by an INR instruction. 
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signal EXLDAD gates bits ADSUMOO through 
ADSUM04 from the adder into the register inputs 
during the interrupt return phase of INR instruc- 
tion execution (SCDC9). The register clock is 
enabled during time period T4, and the contents of 
the extension register are restored at the end of the 
time period. 

4-406. Operand Addressing 

4-407. The manner in which an operand address is 
formed depends upon the addressing mode in 
effect (direct, indexed local, or indexed global) and 
whether it is a word address or a byte address. The 
memory addressing logic is the same as for instruc- 
tion addressing, but the address that is placed into 
the memory address register is assembled in the 
adder after the instruction is needed. The use of 
the memory address field of the instruction in 
forming word or byte addresses and the concepts 
of word and byte * 'pages" has been discussed in 
paragraph 4-375. 

4-408. Operand addresses are formed during the 
last half (time periods T2, T3, and T4) of the fetch 
phase of all non-generic instructions. The addresses 
formed during the execution of jump instructions 
JMP or JSX are not the addresses of operands, but 
the addresses of the next instruction, and cannot 
properly be called operand addresses. However, 
these addresses are formed in the same manner and 
by the same logic as the true operand addresses and 
are included in this discussion for convenience. 

4-409. Since the operand address is formed from 
the 11-bit word or byte address contained in the 
memory address field of the instruction word and a 
word or byte page number, and may be modified 
by the contents of the index register, the final 
address send to the memory address register is 
called the effective word address. Effective byte 
addresses may be divided into an effective word 
address and a byte location (left or right), as 
explained in paragraph 4-383, but only the effec- 
tive word address is sent to the memory address 
register. 

4-410. The addressing mode of all non-generic 
instructions, except JSX, is determined by the 
states of bit 04 of the instruction and by the state 



of global control flip-flop CCFGLB. Bit 04 of the 
instruction word determines whether direct 
(INR04 is a 0) or indexed (INR04 is a 1) 
addressing will be used. The JSX instruction 
ignores the state of the global control flip-flop 
during indexed addressing and forces the address- 
ing to be in the indexed global mode. 

4-411. The terms "local" and "global" refer to the 
word page number that will form part of the 
effective address and only have significance during 
indexed addressing. The "local" page is the 
memory word page containing the instruction 
being executed, and the effective word address is 
indexed relative to an address in this word page, in 
indexed local mode. In indexed global mode, the 
local page number is ignored, and the effective 
word address is indexed relative to an address in 
word or byte page zero. 

4-412. Direct addressing may be used to address 
any word or byte in memory. If the word or byte 
lies outside the local word or byte page, it is 
necessary to place the word or byte page number 
of the location into the extension register by 
means of an SML or SMU instruction before 
executing the instruction that will address the 
location. 

4-413. The method of forming word and byte 
addresses in the direct mode is shown in figure 
4-19. The direct mode is specified in the instruc- 
tion word when the index bit (INR04) is 0. When 
the instruction code is for any non-generic instruc- 
tion except byte instructions CMB, LDB, or STB, 
the word page number is gated into adder input 
gate B bits ADBOl through ADB04 by signal 
ADENEXW (Dwg 394552, Sht 6) during the last 
half of the instruction fetch phase [SCDCl 
TIRCA- (CCFGLB + MBR04-)] . At the same time, 
the memory address field of the instruction word is 
gated into ADB05 through ADB15 by signal 
ADENMBR to complete the direct word address. 

4-414. Adder input gate A is inhibited in direct 
addressing, and the effective word address at the 
adder output is the same as the direct word 
address. Bits ADSUMOl through ADSUM15 from 
the adder are gated into the memory address 
register inputs by signal MALDAD, and the 
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effective word address is loaded into the register at 
the end of time period T4 to address the operand 
in the next machine cycle. 

4-415. When a byte instruction is executed (CMB, 
LDB, or STB), the direct byte address is formed in 
adder input gate B the same as a direct word 
address, except that the byte page number is gated 
into ADBOO through ADB04 from the extension 
register by signal ADENEXB [SCDCl TIRCA- 
(CCFGLB + MBR04-)]. The adder output is the 
same as the direct byte address, but the output is 
separated into an effective word address and a byte 
designator bit. 

4-416. The effective word address (ADSUMOO 
through ADSUM14) is gated into the memory 
address register by signal MALDADSR and is 
loaded into the register at the end of time period 
T4 to address the word containing the byte during 
the next machine cycle. The byte designator bit 
(ADSUM15) is stored in byte control flip-flop 
CCFBYTE (Dwg 394567, Sht 6) at the end of time 
period T4 (T4SCDC1 INDCBYTE) to control the 
selection of the left (CCFBYTE-) or right 
(CCFBYTE) byte of the word after it is brought 
into the CPU. 

4-417. Address formation in the indexed local 
mode (figure 4-20) is the same as direct addressing 
except that the JSX instruction cannot be execu- 
ted in this mode, and the address modifier is gated 
into adder input gate A from the index register by 
signal ADENIX (Dwg 394552, Sht 6) when the 
index bit (INR04) is 1 (SCDCl TIRCA- MBR04). 
The effective word or byte address at the adder 
output is the sum of the direct word or byte 
address and the address modifier word, so that it is 
indexed relative to an address in the word or byte 
page number contained in the extension register. 

4-418. The JSX instruction inhibits signal 
ADENEXW when indexing is specified in the 
instruction word and forces the instruction to be 
executed in the indexed global mode, regardless of 
the state of global control flip-flop CCFGLB. The 
CCFGLB flip-flop (Dwg 394567, Sht 6) is set to 
the global mode at the end of time period T4 of 
the fetch phase of executed JSX instructions 
(T4SCDC1 INDC2). 



4-419. In the indexed global mode, signals 
ADENEXB and ADENEXW are inhibited by both 
CCFGLB and MBR04 signals being true, and the 
extension register is not used in the formation of 
the direct word or byte address (figure 4-21). This 
places all O's in the word or byte page number of 
the direct address, and the effective address is 
indexed relative to a word or byte in word or byte 
page zero. 

4-420. Forced Memory Addresses 

4-421. Forced addressing is used to address inter- 
rupt storage locations during CPU interrupt service 
and interrupt return cycles. The forced address 
logic, shown in Drawing 394557, Sheet 8, can 
handle up to 16 levels of interrupt, although the 
704 Processor may be equipped with no more than 
one or perhaps eight interrupt levels. 

4-422. The first 64 locations in memory are 
reserved (unprotected) for use as interrupt storage 
locations. Four memory locations are allocated to 
each interrupt level, so that interrupt storage can 
be thought of as 16 blocks containing four word 
locations each. The words making up each block 
have the following storage functions. 

Word (00) — Program Count 

Word 1 (01) — Service Routine Link Address 

Word 2 (10) - Machine Status Word 

Word 3 (11) - Not Used 

Memory address bits 10 through 13 provide the 
block address, and bits 14 and 15 provide the word 
location address within each block. 

4-423. In practice, interrupt storage locations are 
addressed by forcing memory address bits 01 
through 09 to the all-zero state (first 64 locations), 
bits 10 through 13 to copy the interrupt level num- 
ber from some register (block address), and bits 14 
and 15 to change in a manner appropriate to the 
interrupt sequences. Address forcing is initiated 
whenever signal MALDIT or MALDIC becomes 
true, activating signal MARDRL-. 

4-424. The MALDIT signal is generated when the 
CPU is about to enter an instruction fetch phase 
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and an interrupt service cycle is called for 
(SCDC7R-) and during the first two phases of the 
interrupt service cycle (SCDC70RB). Signal 
MALDIT is detected prior to entry into phase 7 so 
that the address MCENMAS goes false, which 
inhibits program count load signal MALDPC and 
MCENMAS goes false, which inhibits program 
count load signal MALDPC and triggers flip-flop 
MARDRL. 

4-425. The MARDRL flip-flop performs as a 
synchronous one-shot and when triggered, signal 
MARDRL- goes false (ground) for 100 ns in the 
middle of the next T4 time period. This signal 
automatically resets the memory enable flip-flops 
to activate memory module and directly resets 
memory address register flip-flops MAROO through 
MAR09, forcing the upcoming address to the first 
64 locations in memory. 

4-426. Signal MALDIT gates the contents of inter- 
rupt service flip-flops ITRSVIO through ITRSV13 
to memory address register inputs MARIOS 
through MAR13S to address the block appropriate 
to the level of interrupt. And since the sequencer 
has not entered the interrupt service cycle yet 
(SCDC7- SCDCB- true), bits MAR14S and 
MAR15S are at state 00 when the next clock loads 
the inputs into the memory address register and 
the cycle enters phase 7. It is during this phase that 
the program count is stored into word of the 
appropriate interrupt storage block. 

4-427. The memory address to be used during 
phase B is forced at the inputs of the memory 
address register during phase 7. Since the condition 
SCDC7 SCDCB- is now true, bits MAR14S and 
MAR15S are at state 10 as the sequencer leaves 
phase 7 and enters phase B. It is during this phase 
that the machine status word is stored into 
interrupt block word 2. 

4-428. Entry into phase B sets up the conditions 
for forcing the forced address for memory access 
during the next phase, phase D. Now the condition 
SCDC7- SCDCB is true, making bits MAR14S and 
MAR15S assume the state 01, which is clocked 
into the memory address register as the sequencer 
enters phase D. It is during this phase that the 
linking address to start the interrupt service routine 



is loaded from interrupt block word 1 into both 
the program counter and the memory address 
register. Since the MALDIT signal is not true 
during phase D, the processing of memory access 
addresses returns to normal. 

4-429. Encountering the INR instruction at the 
end of the interrupt service routine generates the 
precondition SCDC9R- true, activating signal 
MALDIC. This signal initiates the forcing of 
interrupt return memory addresses by making 
MCENMAS false, which inhibits MALDPC and 
triggers flip-flop MARDRL, as before. Once again, 
memory module is enabled and memory address 
register flip-flops MAROO through MAR09 are 
directly reset. 

4-430. The block location address appropriate to 
the service routine interrupt level is contained in 
the F2 field of the INR instruction. By happy 
circumstance, this field is copied by the iteration 
counter during the fetch phase of all instructions, 
even though it is only used operationally to control 
iterative shifting. So bits 12 through 15 of the INR 
instruction are transferred to memory address 
register inputs MARIOS through MAR13S via the 
iteration counter (ICRO through ICR3-), as long as 
MALDIC remains true. 

4-431. Phase 9 of the interrupt return cycle is used 
to retrieve the machine status word from block 
storage word 2 location. To do this, bits MAR14S 
and MAR15S are forced to the 10 state by the 
condition MALDIC SCDCl prior to entering phase 
9. Entry into phase 9 loads the forced memory 
address into the memory address register and sets 
up the conditions for forcing the next address to 
be used during phase 5. 

4-432. Phase 5 of the interrupt return cycle is used 
to retrieve the program count from the word 
storage location. During phase 9, bits MAR14S and 
MAR15S assume the 00 state, since condition 
MALDIC SCDCl- is now true. This word address is 
loaded into the memory address register at the end 
of phase 9 so that the word storage location of 
the block will be accessed during phase 5. Once the 
sequencer leaves phase 9, signal MALDIC becomes 
false, disabhng the forced address logic so that 
normal data processing can resume. 
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4-433. Memory Control Logic 

4-434. Every read or write memory access opera- 
tion requires one complete machine cycle to 
execute. During any one machine cycle, only one 
memory location can be addressed. That is, it is 
not possible to load in data from one memory 
location and store it in another memory location 
without performing separate memory-read and 
memory-write operations, requiring two machine 
cycles. However, because of destructive readout 
each time a memory location is activated, each 
cycle consists of a read phase followed by a write 
phase. This is true regardless of the external read or 
write demands of the operation performed. 

4-435. When instruction or operand data is read 
from memory, all cores of the memory location 
addressed are switched to the "zero" state, causing 
those which were in the "one" state to induce a 
signal on bit oriented sense lines. These are picked 
up by sense amplifiers and placed on the memory 
data output lines (MCDOOO through MCD015, 
MCDOPL and MCDOPR) during machine cycle 
time period TO or Tl. This data is loaded into the 
memory buffer register when it occurs. 

4-436. Since the content of the memory location 
addressed was destroyed in the readout process, it 
must be restored by writing the content of the 
memory buffer register back into the memory 
location cores. This occurs during machine cycle 
time periods T2, T3, and T4 when all cores are 
switched back to the "one" state. Data from the 
memory buffer register on memory data input lines 
(MCDIOO through MCDI15, MCDIPL and 
MCDIPR) activates inhibit drivers in the memory 
which supply a bucking current to all cores which 
should remain in the zero state, in order to 
duplicate the data on the input lines. So a 
memory -read operation actually consists of sequen- 
tial read and restore operations performed on the 
same memory location during one machine cycle. 

4-437. When a memory-write operation is perfor- 
med, the same sequence of events takes place 
within the memory. The cores of the memory 
location addressed are switched to the "zero" 
state, but the data detected by the sense amplifiers 
is not loaded into the memory buffer register — 



this being merely a clearing operation. Then during 
the write phase of the machine cycle, the data in 
the memory buffer register is made to activate the 
inhibit drivers so that it is stored in the memory 
location correctly, as in the restore phase of 
memory-read operations. Thus, a memory-write 
operation consists of clear and write operations 
performed on the same memory location during 
one machine cycle. 

4-438. Signals that enable and time data entering 
and leaving the memory buffer register are func- 
tionally part of the memory buffer register control 
logic (paragraph 4-444). Memory control logic 
(Dwg 394562) is involved with the generation of 
four signals which actually activate the memory 
module electronics and consequently control 
memory timing. These include memory access 
enable signal MCRW-, memory read timing control 
signal MCFRET-, memory inhibit timing control 
signal MCFINT-, and memory write timing control 
signal MCFWRT-. 

4-439. The false state of signal MCRW- enables 
activation of the memory modules. This signal is 
under control of flip-flop MCFRDWR. The 
MCFRDWR flip-flop is clocked at the end of each 
T4 time period (TIRC4 KKGAT) and copies the 
state of its D-input gate signal MCOPRDS. The 
MCOPRDS signal will be true at the start of each 
non-memory access phase of the sequencer 
(SCDCOR- + SCDC4R- + SCDCCR- + OPTRDWR). 
Term OPTRDWR comes from the multiply-divide 
option sequencer. 

4-440. Because inverted outputs of the flip-flop 
are used ^hat is, true signal MCFRDWR comes 
from the Q output), the MCFRDWR signal will be 
true during each memory access machine cycle. If 
the CPU is not in the single-step mode 
(CCFSSTP-), signal MCRW- will be false for the 
entire machine cycle, enabling the memory 
modules to respond to the other three memory 
timing control signals. If the CPU happens to be in 
single step mode, pressing the SINGLE STEP 
switch at the beginning of a memory access phase 
causes MCRW- to become false for the one 
machine cycle duration of the sync flip-flop set 
state (CPSSTP MCFRDWR CCFSYNl), enabling 
memory access to occur. The CPDIAEN CCFSYNl 
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gate of the MCRW- logic is for memory access 
during manual display or entry of memory data 
(paragraph 4-470). 

4-441. Memory timing control signals MCFRET-, 
MCFINT-, and MCFWRT- are generated during 
each machine cycle, critically timed by basic clock 
pulses, so long as the CPU power is on. Naturally, 
they cannot activate the various operating func- 
tions of the memory modules unless the MCRW- 
signal has enabled them. Each is generated by a 
separate J-K flip-flop clocked by the negative-going 
edges of KK20MC clock pulses. The false state of 
each output is the memory activating state. 

4-442. The first KK20MC negative clock transition 
after the start of time period TO (TIRCO) sets the 
MCFRET flip-flop, making MCFRET- false and 
activating the memory-read function (assuming 
memory access is enabled). The flip-flop is reset at 
the end of time period Tl (TIRCl CI), making 
MCFRET- true and terminating the memory-read 
operation. Next, the MCFINT flip-flop is set by the 
first KK20MC negative clock transition after the 
start of time period T2 (TIRC2), making MCFINT- 
false and activating the memory write inhibit 
drivers. Before the MCFINT flip-flop is reset, 
flip-flop MCFWRT is set. This occurs at the end of 
time period T2 (TIRC2 CI), making MCFWRT- 
false, which activates the memory-write function. 
The memory-write operation is terminated by 
resetting flip-flop MCFWRT shortly after the start 
of time period T4 (first negative KK20MC clock 
transition that occurs during TIRC4). Finally, the 
write inhibit drivers are deactivated by resetting 
the MCFINT flip-flop shortly before the end of 
time period T4 (TIRC4 C4). The "run out" C4 
interval corresponds to the C2 interval. 

4-443. Memory control signal timing is shown in 
idealized form by figure 4-3. The actual timing of 
these signals, relative to the basic timing intervals 
of the CPU and the availability of memory address 
and data signals (and also considering practical 
circuit delay tolerance limits) can be seen in figure 
5-3. 

4-444. Memory Buffer Register 

4-445. The memory buffer register is used to hold 



data being stored into or loaded from the memory 
modules. It consists of 16 type-D flip-flops located 
on the four Arithmetic cards (MBROO through 
MBR15; Dwgs 545497 - 500, Sht 4). 

4-446. The flow of data to and from the memory 
buffer register is shown in figure 4-8. Inputs to the 
register come from the memory module data 
output lines (MCDOOO through MDC015) during 
memory-read operations and from the CPU adder 
(ADSUMOO through ADSUM15) during memory- 
write operations. Outputs from the register go to 
the memory module data input lines (MCDIOO 
through MCDI15) during all memory access opera- 
tions and to several data and control elements of 
the CPU during memory-read operations, 
depending upon the specific operation being per- 
formed or instruction being executed. 

4-447. When a memory access phase is entered by 
the CPU sequencer, signal MCENB3 becomes true 
(SCDCl + SCDC3 + SCDC5 + SCDC7 + SCDC9 + 
SCDCB + SCDCD + CPDIS CCFSYNl). This signal 
enables the gate which generates signal MBRDR-, 
and MBRDR- goes to ground for 50 ns before the 
end of time period TO (MCENB3 TIRCO CI 
CCFCLK), directly resetting all flip-flops in the 
memory buffer register. Consequently, whenever a 
memory access machine cycle occurs, the memory 
buffer register will be in the cleared state by the 
start of time period Tl, provided memory access 
has not been relinquished to the optional direct 
memory access logic (CCFCLK-). 

4-448. The memory buffer register clocks (KKMB) 
control the loading of data from the adder 
(ADSUMOO- through ADSUM15-) prior to storing 
it into memory. The clocks are byte selectable; 
that is, the KKMB clocks which clock data into 
registers MBROO through MBR07 are under the 
control of left-byte clock enable signal 
MBLDADLB, and the KKMB clocks which clock 
data into registers MBR08 through MBR15 are 
controlled by right-byte clock enable signal 
MBLDADRB. 

4-449. During the write phase of store left-byte 
STB instruction execution (SCDC3 CCFBYTE-), 
signal MBLDADLB2 only will be true, and 
MBLDADLB will be enabled during time period Tl 
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(MBLDADLB2 TIRCl). Clocking of left-byte-only 
data into the memory buffer register occurs at the 
end of that time period. 

4-450. Similarly, during the write phase of store 
right-byte STB instruction execution (SCDC3 
CCFBYTE), only signal MBLDADRB2 will be true, 
enabling MBLDADRB during the Tl time period 
(MBLDADRB2 TIRCl). Clocking of right-byte- 
only data into the memory buffer register occurs at 
the end of the time period. 

4-451. At all other times when data is to be stored 
into memory, signals MBLDADLB2 and 
MBLDADRB2 will both be true simultaneously to 
load full words from the adder. This occurs during 
the write phase of STW and STX instruction 
execution (SCDC3 INDCBYTE-), during interrupt 
cycle storage of the program count (SCDC7), and 
during interrupt cycle storage of the machine 
steitus word (SCDCB). As before, the clock gates 
are enabled during time period Tl, and loading 
occurs at the end of that time period. The data 
loaded into the memory buffer register is imme- 
diately available on the memory data input lines 
MCDIOO through MCDI15, provided the MBROO- 
through MBR15- output gating signal MCENMB is 
true. This signal comes from the direct memory 
access logic, when installed, and is false only during 
the time that the DMA logic option is accessing 
memory. 

4-452. Data read from memory comes via memory 
data output lines MCDOOO through MCD015 and 
is loaded asynchronously into the memory buffer 
register through its direct set inputs. Asynchronous 
loading is used because the data signals come 
directly from the memory sense amplifiers as 
nominal 50 ns pulses which can occur within a 100 
ns region of time period Tl. 

4-453. The load-from-memory input gates are 
controlled by byte selectable enable signals 
MBLDMCLB and MBLDMCRB. Signal 
MBLDMCLB is the left-byte enable signal and 
controls the transfer of memory data outputs to 
direct set inputs MBROODS- through MBR07DS-, 
and signal MBLDMCRB is the right-byte enable 
sigTial that controls the transfer of right-byte 
memory data outputs to direct set inputs 
MBR08DS- through MBR15DS-. 



4-454. During the execution of full-word store- 
into-memory operations, both MBLDMCLB and 
MBLDMCRB signals are disabled (MBLDADLB2 
and MBLDADRB2 true). This inhibits memory 
data coming in during the read phase of the 
memory access machine cycle from being loaded 
on top of the adder output data which is to be 
stored during the machine cycle write phase. Also, 
both signals will be inactive whenever the DMA 
option has memory access control (ACDLY- false) 
or when manually entering data into memory 
(MCWRENT- false). 

4-455. When the write phase of a store left-byte 
STB instruction occurs, signal MBLDMCLB is 
inactive and signal MBLDMCRB is active 
(MBLDADLB2 true, MBLDADRB2 false), so that 
the left byte of the assembled word written back 
into memory will consist of adder data and the 
right byte will consist of memory data. The 
converse is true during the write phase of a store 
right-byte STB instruction (MBLDADLB2 false, 
MBLDADRB2 true). At all other times except 
those mentioned above, both direct set enable 
signals will be active, permitting full-word memory 
output data to be loaded into the memory buffer 
register. 

4-456. Data may be loaded manually into the 
memory buffer register when the CPU is halted by 
means of the switches on the front control panel 
(paragraph 4-470). These inputs are applied to the 
direct set inputs of the register flip-flops 
(MBROODS- through MBR15DS-). Any time that 
the DISPLAY SELECTOR switch is in the MB 
position, signal DISPMB will be true, causing the 
memory buffer register outputs to be displayed by 
the SELECTED DISPLAY indicators and the 
SELECTED DISPLAY switch inputs (DISPENBOO 
through DISPENB15) to be enabled. Normally, the 
register will first be cleared, and then the I's will 
be entered, as required, by pressing the appropriate 
front panel switches. These set corresponding bit 
flip-flops in the memory buffer register. 

4-457. Load and Store Instructions 

4-458. Six instructions are used specifically to 
load or store memory data words or bytes. These 
instructions are LDB, LDW, LDX, STB, STW, and 
STX. The arithmetic and logical instructions also 
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load words from memory and are discussed in 
paragraph 4-220. Also, memory words are loaded 
and stored during interrupt service and return 
cycles; these operations are discussed in paragraphs 
4-607 and 4-614. 

4-459. When a load-from-memory instruction is 
executed, an operand address is formed during the 
instruction fetch phase (paragraph 4-406) and 
loaded into the memory address register at the end 
of the phase. The sequence counter enters the 
memory read phase from the instruction fetch 
phase, and a memory access cycle is initiated at the 
beginning of the machine cycle. The memory 
buffer register is cleared at the start of time period 
TO, and the word from the addressed memory 
location is loaded into the memory buffer register 
during time period Tl. 

4-460. The addressed word or byte is then trans- 
ferred from the memory buffer register to the 
accumulator register or to the index register (word 
only) via the adder. Signals ADENMBL and 
ADENMBR (Dwg 394552, Sht 6) gate the contents 
of the memory buffer register into adder input gate 
B during the memory read phase of LDW and LDX 
instructions. 

4-461. Signal ACLDAD (Dwg 394552, Sht 4) 
gates the adder outputs into the accumulator 
register inputs during the memory read phase of 
LDW instructions. The register right- and left-byte 
clock enable signals ACCLKENBL and 
ACCLKENBR are both activated during time 
period T4 of the phase, and the word from 
memory is loaded into the register at the end of 
the phase. 

4-462. Signals IXLDADL and IXLDADR (Dwg 
394567, Sht 11) gate the adder outputs into the 
index register inputs during the memory read phase 
of LDX instructions. Clock enable signals 
IXCLKENBL and IXCLKENBR are both activated 
during time period T4 of the phase, and the word 
from memory is loaded into the index register at 
the end of the phase. 

4-463. The LDB instruction reads the entire 
memory word containing the addressed byte into 
the memory buffer register. Byte control flip-flop 
CCFBYTE contains the least-significant bit of the 



byte address (paragraph 4-394) and determines 
whether the left or right byte is loaded into the 
accumulator. The addressed byte is always loaded 
into the right-byte half of the accumulator register 
(ACR08 through ACR15). 

4-464. During the memory read phase of LDB 
instructions, signal ADENMBB (Dwg 394552, Sht 
6) gates the outputs of the left-half of the memory 
buffer register (MBROO through MBR07) into the 
right half of adder input gate B (ADB08 through 
ADB15), if the CCFBYTE flip-flop contains a 0. If 
it contains a 1, signal ADENBR gates the outputs 
of the right half of the memory buffer register 
(MBR08 through MBR15) into the right half of the 
adder input gate B (ADB08 through ADB15). 
Signal ACLDAD gates the full-word output of the 
adder into the accumulator register inputs, but 
only the right half of the register (ACR08 through 
ACR15) is enabled for loading, during time period 
T4 (ACCLKENBL false, ACCLKENBR true). 
When the clock occurs at the end of the time 
period, the selected memory byte is loaded into 
the right-byte position of the register. 

4-465. When a store-in to-memory instruction is 
executed, an operand address is formed during the 
instruction fetch phase and loaded into the 
memory address register at the end of the phase. 
The sequence counter then enters the memory 
write phase, and the memory buffer register is 
cleared for loading. 

4-466. Instructions STW and STX store full words. 
Words are gated into adder input gate A from the 
accumulator register or from the index register by 
signals ADENAC and ADENIX, respectively. The 
output of the adder (ADSUMOO- through 
ADSUM15-) is clocked into the memory buffer 
register at the end of time period Tl (MBLDADLB 
and MBLDADRB true). Thereafter, it is written 
into the addressed memory location during time 
period T3 of the memory write phase. 

4-467. If an STB instruction is being executed, a 
"mixed" word must be assembled in the memory 
buffer register, consisting of accumulator register 
right-byte data placed in either the left- or right- 
byte location plus the unaffected byte data from 
the memory location addressed. The assembled 
word is then written back into the same memory 
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location. All of this occurs during the memory 
write phase of the instruction. 

4-468. Byte control flip-flop CCFBYTE contains 
the least-significant bit of the byte address and 
determines whether the byte from the accumulator 
register replaces the left or right byte of the word 
in the memory buffer register. If the flip-flop is in 
the state, signal ADENACRB gates the accumu- 
lator register right byte (ACR08 through ACR15) 
into the left-byte position of the adder input gate 
A (ADAOO through ADA07), and the adder left- 
byte output will be clocked into the left-byte 
position of the memory buffer register at the end 
of time period Tl (MBLDADLB true). During the 
same time period, the data read from memory will 
be loaded into the right-byte position only of the 
memory buffer register (MBLDMCRB true). The 
word thus assembled in the memory buffer register 
is written back into the addressed memory location 
during time period T3 of the memory write phase. 

4-469. When the CCFBYTE flip-flop is in the 1 
state, signal ADENAC gates the full word from the 
accumulator register into the adder input gate A. 
However, only the right-byte output of the adder 
(ADSUM08 through ADSUM15) will be clocked 
into the right-byte position of the memory buffer 
register at the end of time period Tl (MBLDADRB 
true). During the same time period, the data read 
from memory will be loaded into the left-byte 
position only of the memory buffer register 
(MBLDMCLB true). The word thus assembled in 
the memory buffer register is written back into the 
addressed memory location during time period T3 
of the memory write phase. 

4-470. Manual Display and Entry 

4-471. The contents of memory locations may be 
displayed or words may be entered by means of 
the indicators and controls on the CPU front 
control panel. Manual display or entry of memory 
locations is enabled when the CPU is halted and 
the DISPLAY SELECTOR switch is set to MB. 
This causes the contents of the memory buffer 
register to be displayed automatically by the 
SELECTED DISPLAY indicators and the SELEC- 
TED DISPLAY switch inputs to the memory 
buffer register to be enabled. 



4-472. The address of the memory location, or the 
starting address of a sequence of memory loca- 
tions, to be accessed must be manually entered 
into the program counter register by means of the 
PROGRAM COUNTER switches (paragraph 4-57) 
before initiating the memory access operation 
manually. If it is desired to display the contents of 
the memory location addressed by the program 
counter, as seen on the PROGRAM COUNTER 
indicators, the DISPLAY switch is pressed. This 
initiates one memory read cycle to load the 
memory buffer register with the data contained in 
the memory location so that it can be seen on the 
SELECTED DISPLAY indicators. The program 
counter is automatically incremented by one 
during the process. 

4-473. If it is desired to enter data into the 
memory location addressed by the program 
counter, the data must first be entered manually 
into the memory buffer register (paragraph 4-73) 
The ENTER switch is then pressed, initiating one 
memory write cycle which stores the contents of 
the memory buffer register into the memory 
location. Again, the program counter is automati- 
cally incremented by one during the process. 

4-474. When the CPU is halted, the content of the 
program counter register is copied by the memory 
address register at the end of each machine cycle 
(MALDPC true). Consequently, the address placed 
into the program counter register will also be in the 
memory address register when the display or entry 
is executed. 

4-475. When either the DISPLAY or ENTER 
switch is pressed, signal CPDIAEN is true (CPDIS + 
CPENT, Dwg 394557). This signal triggers the one 
cycle synchronizing flip-flop CCFSYNl at the start 
of the next machine cycle. During the one cycle 
that flip-flop CCFSYNl is set, the condition 
CPDIAEN CCFSYNl activates MCRW- to initiate a 
memory access operating (paragraph 4-439), makes 
signal ADENPC true to transfer the program count 
into the adder for incrementing, and also makes 
PCLDAD true to load the program counter register 
with the adder output resultant (paragraph 4-135). 

4-476. When the DISPLAY switch is pressed, the 
true condition CPDIS CCFSYNl enables memory 
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buffer register direct reset signal MBRDR- to be 
generated at the beginning of time period TO, 
clearing the register to receive the data read out of 
memory. When the ENTER switch is pressed, the 
true condition CPENT CCFSYNl makes memory 
buffer register input enable signals MBLDMCLB 
and MBLDMCRB false, preventing memory output 
data generated while the memory location is being 
cleared from ruining the data in the memory buffer 
register which is to be stored (paragraph 4-454). 

4-477. CORE MEMORY MODULES 

4-478. Core memory modules for the 704 Proces- 
sor consist of two printed circuit board assemblies 
connected to form a larger assembly. Each module 
provides the magnetic core arrays and attendant 
read- write electronic circuits for 4096 18-bit words 
of storage. The modules use standard coincident 
current 3-wire techniques for location addressing, 
destructive readout data retrieval, and data restor- 
ation. Module selection and most read- write timing 
control signals are generated externally and are 
provided by the CPU. 

4-479. Each 4096-word core memory module 
consists of two interconnected printed circuit 
boards, as mentioned. One of the boards mounts 
most of the electronic components and the other 
mounts primarily the magnetic components. The 
board upon which all matrices of the magnetic core 
array are mounted (with their X-drive, Y-drive, and 
sense-inhibit lines) is called the stack assembly. 

4-480. Stack Assembly 

4-481. The stack assembly (Drawing 394690) 
contains 73,728 magnetic core elements, one for 
each bit of the 4096 18-bit words (4096 x 18). 
These elements are grouped as eighteen squares 
with 64 elements on a side. Each square (64 by 64 
matrix) represents storage for a particular bit in all 
4096-word storage locations. That is to say, the 18 
matrices are bit position oriented and the cores 
within the matrices are word location oriented. 

Note 

The detailed structure of the magnetic 
core array is discussed here only to aid 



understanding of the addressing and line 
drive schemes used. This must not be 
taken as license to attempt core replace- 
ment or other repairs to the array. 

4-482. Drawing 394696 shows the general layout 
of the magnetic core array and the scheme 
employed for threading the X- and Y-drive lines 
through the cores. Notice that the X-drive lines are 
threaded along the axis of the array. A particular 
X-drive line starts at one of the four corner 
matrices, passes through all cores aligned within a 
particular row of matrices in one direction, passes 
through another string of cores within the middle 
row of matrices in the opposite direction, and then 
passes through the same line of cores in the third 
row of matrices to end at the diagonally opposite 
corner of the array. The opposite end of a line is 
indicated by an overbar on the Une name (opposite 
end of line XO is XO, etc). 

4-483. Y-drive lines are threaded through the cores 
along the short axis of the array. By following the 
YO Une from the bottom left-hand corner of the 
diagram to the bottom right-hand corner, it can be 
seen that the scheme is similar to the X-drive line 
scheme. Notice that the YO line (as a typical 
example) is threaded up through the left-hand 
column of cores in matrices 0, 11, and 12, and is 
threaded down through the right-hand column of 
cores in matrices 13, 10, and 1. The only signifi- 
cance which should be ascribed to this is that it 
keeps line crossovers around the periphery of the 
array to a minimum. It is certainly unnecessary to 
be so familiar with the array wiring that one can 
easily locate the core element for a specific word 
within any bit position matrix. 

4-484. The sense-inhibit (Z-) lines are completely 
matrix oriented; that is to say, each bit position 
matrix has its own independent sense-inhibit line 
which threads all 4096 cores in the matrix. 
Drawing 394696 shows the threading pattern for 
this line used in all 18 matrices. It is difficult and 
unnecessary to understand why this pattern was 
chosen except that it provides the correct polarity 
for the inhibit driver bucking current and consis- 
tent polarity of a sense amplifier input induced on 
the line by the read switching of any core in the 
matrix. What is important about this line is that it 
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is "doubled" and has three ''ends." The three 
"ends" include the two actual wire ends (desig- 
nated S and S followed by the bit matrix number) 
connected to the sense amplifiers and a center- 
tapped end (designated I and followed by the bit 
matrix number) connected to the inhibit driver. 
Consequently, the sense amplifiers "see" the cores 
of its matrix strung serially along a single line, 
while the inhibit driver "sees" the cores of the 
matrix equally divided between two parallel driven 
lines. The significance of this will be seen shortly. 

4-485. Functional Organization 

4-486. The electronic circuits which provide the 
location-addressing coincident currents on the X- 
and Y-drive hnes, the detection of core switching 
produced by read currents, and the write-one 
bucking currents on the Z-drive (inhibit) lines are 
assembled on the main circuit board assembly of 
the memory. Figure 4-22 is a block diagram of the 
memory and shows its general organization. The 
functions include: (1) address decoder, (2) Y-line 
read and write current sources, (3) Y-Hne current 
drivers, (4) Y-line current sinks, (5) X-line read and 
write current sources, (6) X-Hne current drivers, (7) 
X-line current sinks, (8) Z-line bit sense amplifiers, 
(9) Z-hne bit inhibit drivers, and (10) module 
enable and read-write timing control. 

4-487. Core memory modules receive memory 
address register output signals on lines MAR04 
through MAR15 whenever power is on. These 
signals are grouped by threes (MAR04, 5, 6; 
MAR07, 8, 9; etc) and decoded into X- and Y-hne 
addressing signals by four binary-to-octonary 
decoders. Thus each full 12-bit address produces 
four true signals, one from each decoder. These 
select one of eight X-line drivers, one of eight 
X-line sink switches, one of eight Y-hne drivers, 
and one of eight Y4ine sink switches. 

4-488. By a process which will be explained 
shortly (paragraph 4-490), the activation of one of 
eight X-line drivers and one of eight X-line sink 
switches will cause current flow in one of 64 X-axis 
location addressing lines of the magnetic core 
array. The same is true for the Y-hne circuits. Since 
any one of 64 X-lines and any one of 64 Y-lines 
can be activated, any one of 4096 memory word 



locations (64 x 64) is accessible, the location 
addressed being determined by where the two 
intersecting coincident currents can effect core 
switching. 

4-489. As mentioned earher, the Z-lines that pass 
through all cores of a given bit matrix do double 
duty. They serve as sense lines during the read 
switching phase of memory access, during which 
they transmit induced signals to the data readout 
sense amplifiers which drive the MCDO data 
output lines. They also serve as inhibit hnes during 
the write switching phase of memory access. At 
this time, those data bits on the MCDI data input 
lines which are zeroes cause corresponding bit 
inhibit drivers to provide a bucking current which 
nullifies (at least in their bit locations) what would 
otherwise be a write-all-ones operation. This is 
common core memory technique and will not be 
discussed further. 

4-490. X - Y Address Lines 

4-491. Figure 4-23 shows in three-dimensional 
diagrammatic form how the selection of one X-line 
driver and one X-line sink can select one of the 64 
X-lines of the array. This function is what is 
labeled X-Line Select Matrix (8 x 8) in Figure 
4-22. As can be seen, it has more to do with the 
manner of driver, array, and sink interconnection 
than with circuitry. Naturally, this whole function 
and discussion apply to the Y-line drivers and sinks 
as well. 

4-492. First, notice that the drivers and sinks are 
connected to opposite ends of the X-drive hnes in 
such a manner that each services eight hnes. 
Further, no driver has more than one line in 
common with any sink. So by addressing one 
driver and one sink, a specific X-hne will be 
addressed. Drivers and sinks are called by their 
input hne names: X-line driver (XRDO) through 
X-line driver 7 (XDR7), X-line sink (XSOO) 
through X-line sink 7 (XS07), Y-line driver 
(YDRO) through Y-line driver 7 (YDR7), and 
Y-line sink (YSOO) through Y-line sink 7 
(YS07). Table 4-3 lists the combinations of X-line 
drivers and sinks which address the X-hnes. By 
substituting the letter Y for the letter X in the 
table, it becomes valid for Y-hne addressing as well. 
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4-493. The need for changing the current direction 
within a line for read and write operations further 
complicates the circuitry of the line drivers and 
sink switches. This is shown in figure 4-24, a block 
diagram for a typical X-line driver, X-line, and 
X-line sink switch. Each line driver is actually two 
current drivers: a write driver for positive write 
current and a read driver for negative read current. 
All write drivers share a constant current source 
operating from +24 volts. Similarly, all read drivers 
share a constant current source operating into 
volts. 

4-494. Read and write drivers are coupled to their 
lines through current-steering diodes named for 
their common elements. For instance, eight diodes 
have their cathodes connected in common to the 
XDRO read driver and their anodes connected to 
eight separate lines. Collectively, these diodes are 
known as XCCO diodes (CC for common cathode). 
Those associated with the XDRl read driver are 
named XCCl, etc. Likewise, the write drivers each 
have eight diodes whose cathodes are connected 
separately to eight different lines (the same lines as 
the write driver diodes) and the anodes connected 
in common to the write driver input. For the XDRO 
write driver, these diodes are known as XCAO 
diodes (CA for common anode). Those associated 
with the XDRl write driver are named XCAl, etc. 
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4-495. Each sink switch is divided into two sepa- 
rate sections: one for read current returning to 
+24 volts and one for write current returning to 
volts. 

Note 

To simplify the naming of circuits, a 
convention has been adopted here that 
write current is positive and read current 
is negative. As a consequence, it is 
permissible to speak of a 0-volt read 
current source and a +24-volt read 
current sink, which is done. 

A given pair of read and write sink switches service 
eight lines. Each group of lines is named for the 
sink switches to which it connects. Lines XSKO go 
to X-line sink switch pair XSOO, lines XSKl go to 
X-line sink switch pair XSOl, etc. A terminating 
resistor to 12 volts is connected to each set of 
lines. 

4-496. To access a particular word location, the 
X-line for its intersection must be addressed. This 
is done by enabling one current driver (XDRO 
through XDR7) and one sink switch (XSOO 
through XS07). Next, a timed read control signal 
(RDST true) activates the read current source, the 
enabled read driver, and the enabled read sink 
switch, causing negative read current to flow 
through the forward biased common-anode diode, 
through the addressed X-line and the read sink 
switch to the 24-volt supply. The current continues 
for the duration of the RDST signal, stabiUzed at a 
constant value by the read current source. 

4-497. A timed write control signal (WRST) acti- 
vates the write current source, the enabled write 
driver, and the enabled write sink switch, causing 
positive write current to flow through the forward 
biased commonrcathode diode, through the 
addressed X-line, and through the write sink switch 
to the 0-volt return. Write current continues for 
the duration of the WRST signal, stablized at a 
constant value by the write current source. When 
neither signal RDST or WRST is active, both the 
common-anode and common-cathode diodes are 
back biased, decoupling the line from the current 
drivers and making current flow in the line 
impossible. 



4-498. Memory Access Control Circuits 

4-499. The circuits that control access to the 
memory module are shown in Drawing 394693, 
Sheet 1. A memory module cannot be activated 
unless its module addressing enable signal 
(MCFENO- through MCFEN7-) and the read-write 
memory access signal (MCRW-) are both low. This 
causes their OR-gate (negative AND- gate) output 
to be low, enabling input gates for read, write, and 
inhibit timing signal gates. 

4-500. To cause the memory module to perform 
read addressing and core switching, the module 
must be addressed, memory access must be 
enabled, and read timing signal MCFRET- must be 
low. A low level on the RDST line activates the X- 
and Y- read current sources (discussed in paragraph 
4-503) and turns on transistor Ql of the read 
current driver and sink control circuit. The positive 
pulse induced in the secondary of transformer Tl 
turns on transistor Q2 to provide a positive voltage 
to enable the selected X-read driver (XRSW), 
Y-read driver (YRSW), X-read sink (XRSK), and 
Y-read sink (YRSK). Notice that this positive 
voltage also forward biases diode CRl, and the +5 
volts disables the gating for write timing control 
signal WRST. This is not an operational necessity, 
since MCFRET- and MCFWRT- signals usually 
cannot occur coincidentally. It does provide a 
contingency safety factor, however. After transis- 
tor Q2 is turned off, diode CR2 is forward biased 
and provides a 0-volt level to enable WRST gating. 

4-501. Write addressing and core switching within 
the memory module requires that the module must 
be addressed, memory access must be enabled, the 
read timing signal must be absent, and write timing 
signal MCFWRT- must be low. If these conditions 
are met, signal WRST will be low, activating the X- 
and Y-write current sources (discussed in paragraph 
4-512) and turning on transistor Q3 of the write 
current driver and sink control circuit. This circuit 
operates essentially in the same way as the one 
above it to enable the X- and Y-write drivers and 
sinks by applying 12 volts to them through 
resistors R15 through R18. Notice, however, that 
there is no lockout of the RDST gate when 
transistor Q4 is turned on. 
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4-502. Inhibit timing control signal MCFINT- is 
applied to the memory module through a negative 
AND-gate which transfers the signal only if the 
module has been addressed and memory access has 
been enabled (MCFENx- MCRW-). In such a case, a 
low MCFINT- signal will produce low outputs on 
the INHGl and INHG2 output lines and activate 
the inhibit drivers (paragraph 4-530). 

4-503. Current Source Circuits 

4-504. Four similar circuits operate at constant 
current sources; two for negative read current and 
two for positive write current. Read current source 
circuits (Drawing 394693, Sheet 1) will be dis- 
cussed first. 

4-505. X- and Y-line read current sources are 
controlled by read timing signal RDST and provide 
negative current from a 0-volt supply at 380 
milliamperes to the X- and Y-line read drivers. 
These circuits also perform the ancillary function 
of generating a sense amplifier strobe signal (SAST) 
that is critically timed to the rise of read currents 
in the magnetic array. 

4-506. Consider the initial conditions that prevail 
when the read current sources are turned off. Read 
control signal RDST is high, causing its input gate 
to hold capacitor C6 in the discharged condition (0 
volts at the junction capacitor C6 and resistor 
R28). This low state holds transistors Q6, QIO, and 
Q13 turned off. Because their collectors are high, 
transistors QIO and Q13 will keep their respective 
regulator transistors turned off, and the X- and 
Y-line read drivers will see a non-current producing 
+24 volts through 100 ohms (IRDC lines). Also 
because transistor Q6 is turned off, sense ampUfier 
strobe transistor Q132 will be turned off, strobe 
delay transistor Q8 will be turned on, and strobe 
pulse transistor Q9 will also be conducting. So in 
the quiescent state, signal lines SASTl and SAST2 
will be low. 

4-507. Capacitor C6, transistor Q6, and resistor 
R30 form an integrator for constant current 
delivered by transistor Q7. When signal RDST goes 
low, the collector of its input gate is no longer 
grounded (open) and allows capacitor C6 to charge 
through transistor Q7. Because of the constant 



6.3-volt emitter-to-base differential provided by 
reference diode CR4, the charging current will be 
linear. As soon as the charge reaches the base 
voltage of transistor Q6, the transistor conducts 
and prevents the voltage from building higher. The 
total rise time is approximately 100 nanoseconds 
from the time the circuit is first turned on until the 
current-governing threshold is reached. Transistor 
Q5, capacitor C5, and resistor R27 provide the 
reference threshold for transistor Q6. Sensistor 
R406 provides temperature compensation for 
rising emitter currents by reducing the threshold 
voltage as the temperature rises. It has a positive 
temperature coefficient. 

4-508. The rising voltage at the base of transistor 
QIO causes it to increase conduction linearly. 
Transistors Qll, Q12, and Q133 follow, allowing 
negative current to flow from the 0-volt supply to 
the +24-volt negative current sink through resistor 
R34 and balun transformer T23A. These three 
parallel current regulators are held conducting at a 
point where 380 milliamperes flow through the 
transformer and X-line connected to it. This 
half-current value is ultimately controlled by base 
bias components C5 and R27 for transistor Q6, as 
trimmed by resistor R415. 

4-509. Balun transformers in each X- and Y-line 
current source circuit help to damp out switching 
overshoot and ringing in the driven lines by 
offering a transient sensitive load. The primary of 
this transformer (pins 13 and 14 of transformer 
T23A) is connected to the line on the driver side. 
Any change in current induces a change-bucking 
voltage in the secondary of the transformer, which 
is connected to the line at the sink end. Specifi- 
cally, as seen on the schematic diagram, the X 
READ (IRDC) line goes to the read side of all 
X-line drivers and the XREAD SINK BUS line 
comes from the read side of all X-line sink 
switches. 

4-510. The moment the read control ramp voltage 
reaches its maximum value and transistor Q6 
conducts, the base of Q132 goes positive and the 
transistor is turned on. The negative-going collector 
voltage is differentiated by capacitor CIO and 
resistor R410, causing a momentary negative spike 
which turns off transistor Q8 during a brief delay 
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interval. When transistor Q8 is turned on again, the 
edge differentiated by capacitor C8 and resistor 
R32 turns off transistor Q9 momentarily. The 
50-nanosecond wide positive pulse produced by 
transistor Q9 is distributed to the sense amplifiers 
as activating strobe signals by power drivers feeding 
lines SASTl and SAST2. 

4-511. The Y-line read current source, consisting 
of transistor Q13 controlling current regulators 
Q14, Q15, and Q134, also operates from the 
voltage developed across capacitor C6. Operation is 
identical with the X-line current source. 

4-512. Write current source circuits (Drawing 
394693, Sheet 2) are controUed by signal WRST 
and are activated by a low level to the WRST 
input. Transistor Q25, which is normally turned 
on, is switched off by this level and causes 
transistor Q21 to cease conducting also. With 
transistor Q21 cut off, a voltage is allowed to be 
integrated across capacitor Cll until it reaches a 
threshold level established at the base of transistor 
Q17 and the transistor conducts. Thereafter, the 
operation is much the same as that described for 
the read current sources. Transistor Q18 is the 
control amplifier for series current regulators Q19, 
Q20, and Q135. These feed positive current to the 
X-line write drivers through transformer T23C. 

4-513. The Y-line write current source, consisting 
of transistor Q22 controlling series regulators Q23, 
Q24, and Q136, also operates from the voltage 
developed across capacitor Cll. Operation is iden- 
tical with the X-line current source. 

4-514. Memory Protect Circuits 

4-515. These circuits prevent memory access by 
inhibiting operation of the memory read and write 
current sources during power-on or power-off 
transitions. The controlling signal is PFRST from 
the power failsafe option. Normally, this input is 
an open line so that Schmitt trigger transistors Q26 
and Q27 (Drawing 394693, Sheet 2) will be turned 
off and turned on, respectively. A 1.5-volt IR drop 
across forward biased diodes CR6 and CR7 pro- 
vides the trigger level for the circuit. In this state, 
transistor Q28 will be conducting, and transistors 
Q29, Q30, and Q31 will be off. 



4-516. To activate the memory protect circuits, 
the PFRST input line must be grounded. This is 
done through a relay closure, and since the base of 
transistor Q26 is now more negative than the 
1.5-volt threshold at the base of transistor Q27, the 
circuit is triggered (Q26 on; Q27 off). As the base 
of transistor Q28 is no longer forward biased, the 
transistor is turned off, turning on transistors Q29, 
Q30, and Q31. With transistor Q30 conducting, 
point A is essentially at +24 volts. This prevents 
capacitor Cll from developing a charge (no differ- 
ential between its two terminals) and disables both 
X- and Y-line write current sources. Similarly, the 
conduction of transistor Q31 applies essentially 
volts to capacitor C6 (point B) so that it cannot 
develop an activating charge. This disables the X- 
and Y-line read current sources. 

4-517. Address Decoder Circuits 

4-518. Four binary-to-octonary (3-to-8 line) 
decoders convert the states of the 12 memory 
address bits MAR 04 through MAR 15 into four 
appropriate X- and Y-line source and sink select 
signals. These decoders (Drawing 394693, Sheet 1) 
operate with positive-true input logic levels, but 
negative-true output levels. Thus, if memory 
address bits MAR07 through MAR09, for example, 
are all zeros (0 volts on all three input lines), 
X-sink select signal XSOO will be true (0 volts). 
And if all three bits are ones (+5 volts on all 
inputs), X-sink select signal XS07 will be true (0 
volts). It is important to notice that the activating 
condition for the source or sink circuit being 
selected is the low, or ground, condition. All other 
output lines will be high (+12 volts through 
collector load resistors). Table 4-4 is a positive-true 
truth table for the address decoder. Also observe in 
the truth table that the decoders "see" the input 
bits in reverse order of significance (LSB of group 
is seen as MSB, etc). 

4-519. Drive Line Source and Sink Circuits 

4-520. X-line source drive and sink circuits (Draw- 
ing 394693, Sheet 3) and Y-line source drive and 
sink circuits (Drawing 394693, Sheet 4) are 
identical to one another and consist of 64 switch- 
ing transistors controlled by 16 current steering 
pulse transformers. X-line drivers and sinks will be 
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Table 4-4. Memory Address Decoder Truth Table 
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discussed. However, the discussion appUes equally 
well to the Y-line drivers and sinks. 

4-521. Transistors Q48 through Q63 belong to the 
X-line driver circuits. They are grouped in pairs, 
one for read current and one for write current. A 
particular pair share a pulse transformer, which has 
a center-tapped primary and split secondaries that 
allow one transistor or the other to be pulsed into 
conduction. A pair is enabled by a low level on its 
addressing input (XDRO through XDR7). This low 
level acts as a return for the +12-volt read and 
write activating signals XRSW and XWSW. 

4-522. Consider a typical memory access opera- 
tion during which X-hne driver XDR7 is addressed. 
During the entire memory access operation, signal 
XDR7 will be low (0 volt) and the others will be 
high (+12 volts). To select the correct polarity for 
read current, signal XRSW goes high, and primary 
current flows through diode CR24 and the top half 
of transformer T6A. The pulse induced in the 
secondary causes transistor Q48 to be turned on, 
allowing positive current to flow from the X-read 
current source (IRDC) to common-cathode diode 
group 7 (XCC7) and through the line connected to 
the similarly activated X-read sink switch. 



4-523. Read current is followed by write current 
for which the drive polarity must be reversed.; This 
is done by signal XWSW going high and causing 
primary current to flow through diode CR25 and 
the lower half of transformer T6A. Transistor Q49 
is turned on by the pulse induced in the secondary 
and allows negative current to flow from the 
X-write current source (IWRC) to common-anode 
diode group 7 (XCA7) and through the line 
connected to the similarly activated X-write sink 
switch. 

4-524. The X-line sink switches are comprised of 
transistors Q32 through Q47. These, too, are 
grouped in pairs, one for read current and one for 
write current, and are controlled by center-tapped 
primary /split secondary pulse transformers identi- 
cal to those used in the driver circuits. A given pair 
of sink switches is enabled by placing a low level 
on its addressing input (XSOO through XS07) and 
activated by making read polarity selecting signal 
XRSK or write polarity selecting signal XWSK 
high. 

4-525. Consider an operation where sink switches 
XS07 are addressed. Signal XS07 will be low for 
the duration of the memory access, supplying a 
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ground return through the primary center tape of 
transformer T2A. The read current sink switch is 
activated by a high-level pulse on the XRSK line, 
which causes a current to flow through diode CR8 
and the top half of the transformer. This turns on 
trcinsistor Q32 and provides a path from the ends 
of eight X lines in group 7 (XS7) to the balun 
transformer secondary for the X-read sink bus, a 
+24-volt sink for negative current. 

4-1326. Signal XWSK goes high at the same time 
signal XWSW goes high, causing primary current to 
flow through diode CR9 and the lower half of 
transformer T2A. Transistor Q33 is turned on by 
the pulse induced by the action and allows the 
negative write current to flow from the X-line 
connected to the X-write current source to the 
balun transformer secondary for the X-write sink 
bus, a 0-volt sink for positive current. How the 
addressing of one source driver and one sink switch 
causes a particular line to be selected has been 
discussed in paragraph 4-490. 

4-527. Z-Axis Data Lines 

4-528. Incoming data to be written into memory 
is received as 18 parallel bits over input data lines 
MCDIOO through MDCI15, MCDIPL and MCDIPR. 
Data on these lines goes to 18 inhibit drivers. 
Similarly, outgoing data read from memory is sent 
as 18 parallel bits over data lines MCDOOO through 



MCD015, MCDDOPL and MCDOPR. Data on 
these lines comes from 18 sense amplifiers. One 
inhibit driver, one data line, and one sense ampli- 
fier are associated with each bit position matrix of 
the core array. Figure 4-25 shows a typical 
example of the relationship of these three elements 
for data bit 0, in simplified form. 

4-529. A single data line threads through all 4096 
cores of any given bit position matrix. This line 
serves the dual purpose of collecting voltages 
induced by the switching of cores for input to the 
sense amplifier and also for routing inhibit current 
through the cores to prevent switching. Notice in 
the figure that the inhibit driver is connected to 
the center of the line (10) and delivers a positive 
current through both legs of the line to a pair of 
decoupling diodes at the sense amplifier ends of 
the line (SO and SO). 

4-530. Inhibit Drive Circuits 

4-531. All 18 inhibit drivers (Drawing 394693, 
Sheets 5 thru 10) are identical and consist of a 
negative-true AND input gate followed by a two 
stage current switch. Transistor stages Q96 and 
Q97 of the bit 00 inhibit driver are typical. Since it 
is desired to produce an inhibit current only if the 
data bit being written is a zero, transistor Q96 will 
be turned on only if the level on the MCDIOO line 
is low (a zero) and a low-level inhibit gate signal 
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INHGl is present. When switch Q96 is turned on, 
emitter follower Q97 is also turned on through 
coupling transformer T18A. Within 100 nano- 
seconds, 750 milliamperes of current flow through 
resistor R165, out through terminal 100 to termi- 
nals SOO and SOO at the opposite ends of the line, 
through diodes CR72 and CR73 to the 0-volt 
return. Since the current splits, the bucking inhibit 
current is approximately 375 milliamperes in each 
leg; considerably less than the current required for 
switching. 

4-532. Sense Amplifier Circuits 

4-533. Dual differential comparator integrated 
circuits are used for the memory-read sense ampli- 
fiers. These detect sense line signals of core 
switching amplitude without regard for their polar- 
ity, since half of the cores on a sense line produce 
negative-going signals and half produce positive- 
going signals with respect to one end of the line. 
The sense amplifiers for all 18-bit sense lines are 
identical and all operate in the same way. Opera- 
tion of the bit 00 sense amplifier connected to the 
SOO line (Dwg 394693, Sht 5) is typical. 

4-534. An input voltage divider; consisting of 
resistors R156, R158, and R160, between +12 
volts and ground; makes the pin 3 input of one 
differential amplifier approximately 20 millivolts 
more positive than its pin 4 input. Likewise, the 
pin 7 input of the second differential amplifier is 
20 millivolts more positive than its pin 6 input 
because of another, similar divider. Both of these 
voltages represent a backward, or cutoff, bias to 
their respective amplifiers. If a voltage differential 
between the SOO and SOO- inputs is induced which 
exceeds this 20-millivolt threshold, one or the 
other amplifier will detect it and turn on, since 
they work in opposition to one another. Normally, 
the common output of the amplifier pair will be 
volts (open line to 1000-ohm load clamped nega- 
tively to ground) when the amplifiers are turned 
off. A sense amplifier strobe signal greater than +3 
volts is required on the SASTl line to enable 
output transfer. If one of the differential amplifiers 
is turned on at the time that the strobe pulse 
occurs, a positive pulse of approximately 50-nano- 
second duration (width of the strobe) and 



approaching the logical-true level in amplitude will 
be seen at output MCDOOO. 



4-535. DIRECTMEMORY ACCESS OPTION 

4-536. The direct memory access (DMA) option 
permits up to six external devices to communicate 
directly with the memory modules on a fixed 
priority basis without going through the data 
input-output (DIO) channels of the CPU. Conse- 
quently, direct memory accessing does not inter- 
fere with normal data processing unless both the 
CPU and the DMA option require memory access 
during the same machine cycle. All 704 Processors 
are wired to receive this option, which is contained 
on a single circuit card. Logic for generating 
memory parity check bits during memory write 
operations and for detecting memory parity errors 
during memory read operations may also be 
included on this card. Installation of the appro- 
priate card is all that is required to implement 
either or both the six-level DMA and memory 
parity check functions. 

4-537. The direct memory access logic on the 
DMA option card acts as a universal interface 
between DMA device controllers connected to the 
DMA bus and the CPU memory system. It consists 
of request and acknowledge registers for processing 
device controller requests for recognition, DMA 
priority and read-write control logic which trans- 
late requests into CPU compatible modes of 
operation, a DMA memory buffer register for 
storage of data words being transferred to and 
from the memory modules, memory address gates 
which couple memory location addresses from the 
device controllers to the CPU memory address 
register, and the independent memory parity check 
logic mentioned earlier. Figure 4-26 is a block 
diagram of the DMA option card, showing all of 
these functions, DMA data transfer paths, and the 
major control signals involved. 

4-538. When the direct memory access function is 
installed and operational, CPU program execution 
and direct memory accessing proceed simulta- 
neously until both require access to memory at the 
same time. At this point, the direct memory access 
logic is given precedence over the CPU logic, and 
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program execution is suspended until a machine 
cycle is available for CPU access to memory. 
Simultaneous operation then resumes until both 
require concurrent access to memory again. Pro- 
gram execution is suspended by suppressing the 
distribution of clock pulses in the CPU. This 
subject is discussed in paragraph 4-23. 

4-539. All signals except memory data transmitted 
to or from direct memory access device controllers 
are negative-true (logically inverted) signals. The 
"true" or "1" level is V (low), and the "false" or 
"0" level is +3.0 (high). Direct memory access data 
input and output lines (MMDIOO- through 
MMDI15- and MMDOOO- through MMD015-) 
transfer full 16-bit parallel words and communicate 
with the memory modules through the DMA 
memory buffer register. This register performs a 
function similar to that of the CPU memory buffer 
register. In fact, its data input and output lines to 
the memory modules (MCDIOO through MCDI15 
and MCDOOO through MCD015) are logically 
compatible with similar lines from the CPU 
memory buffer register and are connected in 
parallel (logically ORed) with those lines. 

4-540. Memory location addresses for direct 
memory access must be suppHed by the external 
device controllers and come in as normal, 15-bit 
parallel address words (MMADOl- through 
MMAD15-). These are transferred by the memory 
address gates to the inputs of the CPU memory 
address register (MAROIS through MAR15S) only 
during those machine cycles that direct memory 
access is active. Bits 01 through 03 address a 
memory module and set a corresponding module 
enable flip-flop at the beginning of the machine 
cycle. All bits of the address are loaded into the 
memory address register at the same time, so that 
bits 04 through 15 will be stored for location 
addressing within the module enabled during the 
entire machine cycle. 

4-541. Operation of device controllers on the 
direct memory access bus is synchronized with 
operation of the CPU by external clock signal 
KEXT2- (a function of ungated clock signal KKC) 
and timing signals DMTO-, DMT2-, and DMT4- 
(functions of time periods TO, T2, and T4). 
External reset signal REXT2- (a function of system 



RESET switch signal CPSWRST or power failsafe 
reset signal PFRST-) is also supplied to the device 
controllers. 

4-542. The devices on the direct memory access 
bus operate on a priority basis (all have priority 
over the CPU, which may be considered as 
operating at priority level 1). Priority levels 2 
through 7 are assigned to the various device 
controllers through jumper connections made 
during installation, with each numbered level 
having priority over all lower-numbered levels 
under it. According to its priority level assignment, 
requests for direct memory access are made over 
one of six request lines (MRQ2- through MRQ7-) 
by a device controller and stored in the request 
register. If no higher level request has been 
received, an acknowledgement will be sent back to 
the device controller over the assigned level 
acknowledge line (MAD2- through MAK7-), and 
the direct memory access operation takes place in 
the next machine cycle. If no direct memory access 
requests are present, the memory may be accessed 
by the CPU during the next machine cycle. 

4-543. During the direct memory access machine 
cycle, a read or write mode control signal must be 
supplied by the device controller over its assigned 
level read-write control line (MWT2- through 
MWT7-). If the signal is true (low), the DMA logic 
operates in the memory write mode. 

4-544. In addition to the direct memory access 
signals described above, direct memory access 
device controllers communicate with the CPU via 
the DIO bus as well. It is over this bus that the 
controller receives function codes which control 
modes of operation, receives the initial (or starting) 
memory location address for direct memory access 
addressing, and transmits status reports under 
program control. The functional description and 
theory of operation for direct memory access 
device controllers are contained in separate 
manuals covering each controller. 

4-545. Memory Access Control 

4-546. The priority of devices connected to the 
direct memory access bus is determined by the 
memory priority control logic (Dwg 394577, Shts 
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4 — 6). This logic also gives all direct memory 
access requests priority over memory access by the 
CPU. The first 11 signals shown in DMA read and 
write timing diagrams (figures 4-27 and 4-28) are 
the same and represent the preliminary operations 
that capture the memory system for direct 
memory access. 

4-547. The states of the six direct memory access 
request lines (MRQ2- through MRQ7-) will be false 
(high) unless an active request is being made. Each 
line is monitored by a separate type-D flip-flop 
(DMFRQ2 through DMFRQ7) with inverted out- 
puts (Q used as_the set output), so that the D-input 
operates as a D-input. These request storage flip- 
flops are clocked by signal KKRQ, a negative-going 
clock derived from ungated clock pulse signal KKC 
during each T2 time period. 

4-548. At the end of each time period T2, when 
the positive-going edge of clock signal KKRQ 
occurs, those flip-flops whose inputs are true (low), 
indicating direct memory access requests at the 
active priority levels, will be set. Unless the request 
is still present when the next clock pulse occurs at 
the end of the following T2 time period, the 
flip-flop will be reset. Normally, the DMA device 
controllers are designed to hold the request on the 
line until they have been acknowledged and serv- 
iced. 

4-549. Six acknowledge register flip-flops 
(DMFACK2 through DMFACK7) monitor request 
register outputs in such a manner that only one can 
be set at a time. Their input gates perform the 
function of determining the highest level priority 
of all requests during any given machine cycle. For 
example, if DMFRQ7 is true, acknowledge flip-flop 
DMFACK7 wm be set when the KKACKA clock 
occurs at the end of T3. Acknowledge flip-flop 
DMFACK6 can only be set if DMFRQ7- DMFRQ6 
is true, flip-flop DMFACK5 can only be set if 
DMFRQ7- DMFRQ6- DMFRQ5 is true, and so on 
down the line. 

4-5 50. Acknowledge register clock signals 
KKACKA and KKACKB are identical, negative- 
going clocks derived from ungated clock pulse 
signal, KKC, during each time period T3. The 
positive-going clocking edge occurs at the end of 



that time period, setting the acknowledge flip-flop 
for the highest priority request stored in the 
request register. An inverting driver (MAK2- 
through MAK7-) on the output of each acknowl- 
edge flip-flop provides the true (low) signal back 
to the device controller which indicates that the 
request has been acknowledged. Normally, DMA 
device controllers are designed to ''turn off" their 
request signal when the acknowledge signal is 
received. However, they must do so no later than 
time period T2 of the next cycle. The acknowledge 
flip-flop set at the end of time period T3 of one 
cycle will be reset at the end of time period T3 of 
the following cycle, making the MAK signal false 
(high) once again, provided that the request signal 
is no longer present. 

4-551. At the same time that the highest level 
priority requesting acknowledge flip-flop is set, 
clock control flip-flop CCFCLK is reset (CCFCLK- 
true). Its D-input gates detect the no-request 
condition (DMFRQ2- through DMFRQ7- false) 
and will keep the flip-flop set, as long as a request 
has not been received. The CCFCLK output is an 
enabling signal for many CPU functions, including 
the distribution of gated clock pulses, triggering of 
the manual control sync flip-flops, resetting of the 
memory buffer register, and CPU loading of the 
memory address register. All of these functions are 
disabled when signal CCFCLK is false, denying 
memory access to the CPU until the signal returns 
to the true state. 

4-552. An acknowledge delay flip-flop, ACDLY, 
monitors the reset output CCFCLK- of the clock 
control flip-flop. Since it is triggered by the 
positive-going edge of inverted KKC ungated clock 
pulses (KKC A), it will be set one time period later, 
at the start of time period TO, than the resetting of 
the CCFCLK flip-flop. It remains set for one full 
machine cycle, and its output delineates the time 
during which the direct memory access read or 
write operation will take place. 

4-553. During the direct memory access machine 
cycle that flip-flop ACDLY is set, the false state of 
output ACDLY- disables CPU memory buffer 
register control signals MBLDMCLB and 
MBLDMCRB, preventing the contents of that 
register from being changed by memory data read 
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Figure 4-27. DMA Read Timing Diagram 
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during the direct memory access. Signal MCENMB 
is also false during DMA machine cycles, forcing 
the CPU memory buffer register output gates to 
the memory modules (MCDIOO through MDCI15) 
to produce an all I's output. This is necessary 
because the DMA memory buffer register outputs 
to the m.emory modules are connected to the same 
hnes, and functional OR gating of ground levels 
will occur otherwise. Finally, the setting of 
ACDLY makes MCRW- false to enable the memory 
modules for access. 

Direct Memory Address Gates 

4-555. Fifteen direct memory address gates 
(MAROIS through MAR15S) handle the memory 
location address word to be used for the DMA read 
or write operation. Signal DMADEN enables these 
gates during the time that the CPU gated clocks are 
inhibited (CCFCLK- true). The acknowledged 
DMA device controller must supply the memory 
address in logically inverted form over lines 
MMADOl- through MMAD15-. Normally, the 
supplying of a memory location address is made a 
function of the presence of the enabling MAK 
signal, so that the address will be present at the 
inputs of the address gates from the beginning of 
T4 of the request-acknowledge memory cycle to 
the beginning of T4 of the memory access machine 
cycle. In any event, it must be available somewhat 
before the end of time period T4 preceding 
memory access and removed prior to the end of 
time period T4 of the following machine cycle. 

4-556. During all memory access operations, the 
memory modules receive memory location ad- 
dresses from the memory enable flip-flops and 
from the memory address register in the CPU. 
Consequently, the outputs of the DMA address 
gates are connected in parallel with the other set 
inputs of the memory address register and clocked 
into the register by KKMA clocks at the end of 
time period T4 in a normal manner (paragraph 
4-395). Since all other memory address register 
input sources are inhibited during the time period 
preceding direct memory access, the memory 
address register will copy the outputs of these 
gates. Likewise, these gates must be disabled one 
time period (T4) following direct memory access 
so that any memory address required during the 



next machine cycle, when CPU data processing 
resumes, can be loaded into the memory address 
register correctly. Since the DMA memory location 
address is stored in the CPU memory address 
register for the full direct memory access machine 
cycle, it can be removed by the device controller 
from the MMAD lines any time after the beginning 
of time period TO. 

4-557. Direct Memory Buffer Register 

4-558. The direct memory access buffer register 
(Dwg 394577, Shts 8-11) consists of 16 type-D 
flip-flops (DMBROO through DMBR15) whose 
D-in£uts are made to respond as D-inputs by using 
the Q-output as the set output. Data received from 
the memory modules (MCDOOO- through 
MCD015-) is loaded through direct set inputs 
under the control of enabling signal DMCLDEN. 
Data received from the device controller (MMDIOO- 
through MMDI15-) is applied through the D-inputs, 
clocked by identical signals KKBRA,B,C, and D. 

4-559. As in CPU memory accessing, a DMA read 
operation consists of sequential read-restore 
phases, and a DMA write operation consists of 
sequential clear-write phases. Both phases of an 
operation are executed in one machine cycle. 
Execution of a read or write operation primarily 
affects how data is loaded into the memory buffer 
register, whether data loaded during the first half 
of the memory access machine cycle comes from 
the memory modules (read operation) or from the 
device controller data input lines (write operation). 

4-560. To execute a DMA read operation, the 
acknowledged device controller supplies a false 
level (high) on its assigned MWT- line, along with 
the memory location address to be read. All six 
MWT- lines are monitored by a large, negative-true 
NOR-gate (Dwg 394577, Sht 7). Since all inputs 
are high, signal DRDEN will be true. This, and all 
other signals associated with the DMA read opera- 
tion are shown as the last seven entries in the read 
timing diagram, figure 4-27. 

4-561. Signal DMBRDR goes to ground uncondi- 
tionally at the end of each TO time period, directly 
resetting all flip-flops of the DMA memory buffer 
register at the start of each machine cycle. Signal 
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DMBRENB is a function of the set state of the 
ACDLY flip-flop and will be true during the entire 
memory read-restore cycle. It enables the DMA 
memory buffer register output gates which supply 
data to the MCDI memory module data input lines. 

4-562. With signals ACDLY and DRDEN true, 
signal DMCLDEN goes true during time period Tl, 
enabling the direct-set input NAND gates of the 
DMA memory buffer register which load readout 
data from the MCDO memory module data output 
lines. This data is seen in the form of positive-going 
pulses of approximately 50-ns duration for all I's 
in the data word, which can occur at any time 
during the last 100 ns of the time period. Once 
loaded, the DMA memory buffer register supplies 
valid readout data on its MMDO data output hnes 
after time period Tl. This data must be stored by 
the device controller prior to the next TO time 
period, when the DMA memory buffer register will 
be reset by signal DMBRDR. The content of the 
register are written back into the same memory 
location during time period T3, as a normal restore 
operation. 

4-563. To execute a DMA write operation, the 
acknowledged device controller supplies a true 
level (low) on its assigned MWT- line, along with 
the memory location address and the data to be 
stored. Since one input to the negative-true NOR 
gate is low, signal DWRTEN will be true. This, and 
all other signals associated with the DMA write 
operation are shown as the last seven entries in the 
write timing diagram, figure 4-28. 

4-564. The DMA memory buffer register is direct- 
ly reset at the end of time period TO by signal 
DMBRDR, and its MCDI output gates are enabled 
by signal DMBRENB, as before. In device control- 
lers of standard design, the gating of write word 
data is normally made a function of the MAK 
acknowledge signal being present. That is, data will 
be available for loading into the DMA memory 
buffer register from the preceding T4 time period 
to the following T3 time period. In any event, it 
must be present during time period Tl of the 
memory clear-write machine cycle. 

4-565. With signals ACDLY and DWRTEN true, 
signal DGWRTEN is true during time period Tl. 



The DGWRTEN signal enables the DMA memory 
buffer register clock gates KKBRA,B,C, and D, and 
the trailing edge of the next KKC clock pulse loads 
the register through its D-inputs with the data 
word supplied by the device controller on the 
MMDI data input lines. The content of the register 
is written into the addressed memory location 
during time period T3, as a normal write operation. 

4-566. MEMORY PARITY CHECK OPTION 

4-567. The memory parity check logic (Dwg 
394577, Shts 13, 14) is associated physically with 
DMA logic, but performs the entirely separate 
function of generating odd-parity check bits stored 
during memory write operations and checking for 
parity error during memory read operations. The 
parity check system of the 704 Processor is byte 
oriented; that is, a separate odd parity check bit is 
provided for each byte of a data word. All words in 
memory are treated as two 8-bit bytes with their 
own parity check bit, requiring the use of memory 
modules with 18-bit word storage capability. 

4-568. Figure 4-29 is a block diagram of the 
memory parity logic, showing the primary inter- 
connections between its various functions. The 
logic contains an 8-bit Exclusive NOR parity tree 
for each memory data byte output, a parity bit 
storage register for each memory byte parity bit, a 
parity error detector, read-write control logic, and 
a pair of byte parity bit input gates. 

4-569. The left-byte parity tree monitors memory 
data input lines MCDIOO through MCDI07 contin- 
uously, and the right-byte parity tree does the 
same for lines MCDI08 through MCDI 15. The 
nature of the parity tree is such that the output at 
the apex (MCDIPLl for the left-byte tree and 
MCDIPRl for the right-byte tree) will be a 1 if the 
number of I's at the input is even and if the 
number of I's at the input is odd. Each output is 
then compared with its respective parity check bit 
(stored as LBP for left byte and as RBP for right 
byte) by a final Exclusive NOR gate error detector. 
When the parity of a byte is even, its check bit 
should be a 1, and the output of the comparator 
will be true. Likewise, if byte parity is odd, its 
check bit should be a 0, and the output of the 
comparator will be true. Any time comparator 
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output LBPE- or RBPE- is false, a parity error is 
indicated. This indication is not always valid, and it 
is only sampled during those times and conditions 
when it is valid. This will be discussed shortly in 
connection with the sequence of events which 
occur during memory read and write operations. 

4-570. Byte parity bit storage flip-flops LBP and 
ELBP are reset during time period TO of each 
machine cycle by the low level of signal DTO-. 
Their direct set inputs are enabled during every Tl 
time period by signal TIRCl, and the flip-flops 
copy the states of the parity bits presented on the 
MCDOPL and MCDOPR lines caused by reading or 
clearing a memory storage location. Any one pulse 
on a line will set the corresponding flip-flop, and 
the flip-flop will remain set until the start of the 
next TO time period. 

4-571. Read-write gate control flip-flops GLBP 
(for left byte) and GRBP (for right byte) are 
type-D flip-flops clocked by the positive-going edge 
of signal GPK, which occurs at the end of time 
period Tl. Both flip-flops will be set if a DMA 
write operation is being performed (ACDLY 
DWRTEN), a CPU full-word store-into-memory 
operation is being performed (ACDLY- 
MBLDADLB MBLDADRB), or data is being man- 
ually entered into the memory (MCWRENT-). 
Notice that when an STB instruction is executed, 
only the flip-flop corresponding to the new byte 
being written into memory will be set (ACDLY- 
MBLDADLB + ACDLY MBLDADRB). Under all 
other circumstances, both flip-flops will remain 
reset, indicating that either a non-memory access 
cycle (which can be ignored) or a full-word read 
operation has taken place. 

4-572. The output states of the GLBP and GRBP 
flip-flops control the output gating of byte parity 
check bits to the MCDIPL and MCDIPR lines to 
the memory modules. The states of the parity 
check bits on these lines are written with the data 
word into memory during time period T3 of the 
memory access cycle. Since the write phase of all 
memory read operations is a restore function, the 
contents of flip-flops LBP and RBP are gated by 
signals GLBP- and GRBP- onto the parity check bit 
input lines. Memory write operations, on the other 
hand, require the generation of a parity check bit 



for new data held by the active memory buffer 
register and available on the MCDI lines. Parity tree 
output signals MCDIPLl and MCDIPRl, being O's 
when the parity of their inputs is odd and I's when 
the parity of their inputs is even, provide the 
necessary state of the parity check bits needed to 
maintain odd parity and are therefore gated onto 
the lines by signals GLBP and GRBP. 

4-573. The execution of STB instructions repre- 
sents a unique "mixed" condition, where the 
unaffected data byte is read from memory and 
loaded into the CPU memory buffer register, and 
the new data byte to be stored is loaded from the 
accumulator into the same register. In this case, the 
parity check bit for the byte read from memory 
will be gated from the appropriate parity bit 
register (LBP or RBP), and the parity check bit for 
the new data byte will be gated from the appro- 
priate parity tree (MCDIPLl or MCDIPRl). 

4-574. Only at the end of time period T2 of a 
full-word memory read cycle is memory word 
parity checked for errors. Parity error flip-flop 
PARER is normally in the reset state. However, if 
at the end of time period T2 of a full-word 
memory read cycle (MCRW GLBP- GRBP- TIRC2) 
a parity error has been detected by either of the 
comparators (LBPE + RBPE), the flip-flop will be 
set. This causes the CCFRUN flip-flop in the CPU 
to be directly reset, which in turn causes the 
sequence counter to return to the halt phase after 
executing the current instruction. It also inhibits 
the gating of priority interrupt data input and data 
output strobes DISB and DOSB, generally disabhng 
the DIG system. Once the CPU has halted, SELEC- 
TED DISPLAY indicator hght 13 lights, indicating 
the detection of a memory parity error (provided 
the DISPLAY SELECTOR switch is in the MS 
position). 



4-575. The PARER flip-flop can be reset by 
pressing the RESET switch (MRESET-). The flip- 
flop is also reset by the same conditions that cause 
the sequence counter to advance from the halt 
phase to the fetch phase (SCDCO SCDCIFO 
CCFSYNl). These include pressing the RUN 
switch, the SINGLE STEP switch, or the SINGLE 
COMMAND switch. 
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4-576. PRIORITY INTERRUPT SYSTEM 

4-577. The priority interrupt system may contain 
one, eight, or sixteen interrupt levels. The levels are 
numbered 00 through 15, with level 00 assigned 
lowest priority, and the highest-numbered level 
installed in the system having the highest priority. 
The basic 704 Processor contains the logic for 
priority level 00 on the Adder Flip-Flop card. It 
may be expanded to an eight-level system by 
installing one Priority Interrupt card, which con- 
tains the logic for priority levels 01 through 07, 
into a prewired connector. Expansion to the full 
16-level configuration requires installation and 
wiring of a connector for a second Priority 
Interrupt card in parallel with the first. 

4-578. The interrupt system logic shown in draw- 
ing 394582 is for an eight-level system configura- 
tion (logic on Adder Flip-Flop card plus logic on 
one Priority Interrupt card). When the system is 
configured with only one level of interrupt, Prior- 
ity Interrupt card logic is not applicable. When the 
Priority Interrupt card logic is duplicated for 16 
levels of interrupt, inputs and outputs of like name 
are connected in parallel, and others are connected 
to appropriate signal sources or destinations out- 
side of the interrupt system. Such wiring is shown 
on the diagrams by means of footnotes. The 
discussion that follows covers the sixteen-level 
system. Operation of systems with less than sixteen 
levels is the same except for obvious differences in 
encoding and decoding levels and priority logic and 
is not discussed. Figure 4-30 is a block diagram of a 
priority interrupt system of n levels, where n is the 
highest level of the system. 

4-579. Interrupt Inputs 

4-580. Interrupt signals (INTRPTOO-, etc) are 
received from devices on the data input output bus 
and the direct memory access bus. These signals are 
received as negative-true signals and are inverted in 
the interrupt system logic. If the power fail-safe 
option is installed in the computer, a power 
interrupt signal (PWRINT-) is also received from 
the unit via the dc power supply. 

4-581. The teletypewriter set controller is nor- 
mally assigned to interrupt level 00, and the power 



interrupt is connected to the highest-priority level 
available to the system. The power interrupt must 
be the only device on the highest priority level to 
ensure that it is serviced without delay before 
power shuts down. 

4-582. Other devices on the data input-output bus 
and direct memory access bus are assigned to 
intermediate interrupt levels. These assignments are 
fixed at the time that the system is wired; no 
provision is made for patching inputs onto differ- 
ent levels. (The priorities assigned to the devices 
may be changed by changing the wiring in the 
device controllers, when desired.) 

4-583. The interrupt inputs are only enabled 
during time period TO of each machine cycle. This 
requires that the interrupt signals from the devices 
remain true (low) for at least 1.0 jjls to ensure that 
they will be present during a TO time period. 

4-584. Interrupt Levels 

4-585. The logic for each interrupt level contains 
two flip-flops: an "enable" flip-flop and an 
''active" flip-flop. The four possible states of these 
two flip-flops define four conditions for interrupt 
servicing, as follows: 

ENABLE F/F ACTIVE F/F CONDITION 

Disabled 

1 Idle 

1 1 Waiting 

1 Active 

4-586. When a level is in the disabled condition, 
interrupts from devices assigned to the level are not 
accepted or stored. The system in no way recog- 
nizes interrupts at disabled levels but will recognize 
all other interrupts at idle levels. To enable a 
priority interrupt level so that it can service 
interrupts, it must be transferred from the disabled 
condition to the idle state. When in the idle state, 
the level will receive an interrupt if it is not 
currently in the process of handling one. 

4-587. An interrupt on a level that is in the idle 
condition places the level in the waiting condition 
until the interrupt is serviced. The outputs from 
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both the enable and active flip-flops of levels in the 
waiting state are true, and the priority logic 
generates an interrupt request signal appropriate to 
the highest level in the waiting state. When an 
interrupt is serviced, its level is placed into the 
active condition, and no other interrupts can be 
accepted on that level until the level returns to the 
idle condition at the conclusion of the interrupt 
service routine. 

4-588. Program Control 

4-589. Five program instructions control opera- 
tions within the priority interrupt system. DSB and 
ENB instructions are used to disable or enable an 
individual level by transferring it from the idle to 
the disabled condition or the reverse under pro- 
gram control. An INR instruction is used to return 
individual levels from the active to the idle 
condition at the conclusion of an interrupt service 
routine. MSK and UNM instructions permit the 
entire priority interrupt system to be disabled 
(masked) or enabled (unmasked) from servicing 
further interrupts. 

4-590. In interrupt-level oriented instructions 
DSB, ENB, and INR, the F2 field always specifies 
the interrupt level to be affected by the instruc- 
tion. Bits 12 through 15 of the instruction word 
(MBR12 through MBR15) are decoded by an 
interrupt level decoder in the interrupt system 
logic to obtain a single, affective interrupt level 
decode signal (ITLVDCOO, etc). This signal is used 
to gate control signals generated by the instruction 
being executed into the inputs of the enable and 
active flip-flops for the level specified by the 
instruction. 

4-591. The DSB instruction resets both the enable 
fUp-flop (ITROON, etc) and the active flip-flop 
(ITROOA, etc) for the level addressed by its F2 
field. Signal ITDSB (Dwg 394567, Sht 9) becomes 
true during time period T4 of the DSB instruction 
fetch phase (T4SCDC1 INDC003) and is applied to 
the flip-flops for all levels. The active interrupt 
level decode signal gates signal ITDSB into the 
reset inputs of both flip-flops for a particular level, 
and the flip-flops are reset at the end of time 
period T4. Resetting of an enable flip-flop prevents 



its corresponding active flip-flop from being set 
by an interrupt on that level. 

4-592. The ENB instruction sets the enable flip- 
flop for the level addressed by its F2 field. Signal 
ITENB (Dwg 394567, Sht 9) becomes true during 
time period T4 of the ENB instruction fetch phase 
(T4SCDC1 INDC002) and is applied to the enable 
flip-flops for all levels. The active interrupt level 
decode signal gates signal ITENB into the set input 
of the enable flip-flop for a particular level, and the 
flip-flop is set at the end of time period T4, but 
only if the corresponding active flip-flop is reset. 
Since the active flip-flop is reset, setting the enable 
flip-flop places the level into the idle condition. 

4-593. The INR instruction is placed at the end of 
each interrupt service routine, and its execution 
causes, among other things, the level to return 
from the active state to the idle state. This is done 
by setting the enable flip-flop and resetting the 
active flip-flop for the level addressed by the F2 
field of the instruction. Other functions performed 
by the instruction during an interrupt return cycle 
are discussed in paragraph 4-605. Signal ITIDL 
becomes true during time period T4 of the INR 
instruction fetch phase (T4SCDC1 INDCOOl) and 
is applied to all levels. The active interrupt level 
decode signal gates signal ITIDL into the set input 
of the enable flip-flop and the reset input of the 
active flip-flop for a particular flip-flop, but only if 
the level is in the active state (ITROON- ITROOA, 
etc). The flip-flops are set and reset, respectively, 
at the end of time period T4, placing the level in 
the idle condition. 

4-594. Mask and unmask instructions MSK and 
UNM control the inhibit flip-flop ITFINH (Dwg 
394567, Sht 9). When this flip-flop is set, signal 
ITFINH- is false and disables the servicing of 
interrupts on all levels of the system by disabling 
interrupt output signal CCITCY to the sequence 
counter logic. It has no effect on the reception and 
storage of interrupts on individual levels. The MSK 
instruction enables flip-flop ITFINH to be set at 
the end of its fetch phase time period T3 
(INDCOOA SCDCl KKITF). The UNM instruction 
enables the flip-flop to be reset at the end of its 
fetch phase time period T3 (INDCOOB SCDCl 
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KKITF). Any interrupts received while the 
interrupt system is inhibited will be serviced in the 
order of their priority after the UNM instruction is 
executed to re-enable the system. 

4-595. Power failsafe interrupts must always be 
serviced immediately, regardless of whether the 
interrupt system is masked or not. If flip-flop 
ITFINH is set when power failure is detected, 
signal PFSINT- will unconditionally cause it to be 
reset at the end of time period T3 of the current 
machine cycle. Input ITFINHR2- to the ITFINH 
flip-flop reset gate is for a similar use by future 
logic options. 

4-596. When the CPU power is turned on, signal 
CPSWRST- directly resets all flip-flops in the 
priority interrupt system except flip-flop ITFINH. 
This disables all of the priority interrupt levels and 
clears the interrupt service register. Flip-flop 
ITFINH is directly reset by MRESET-, which 
occurs during the next time period T4. The same 
action also takes place when the system RESET 
switch on the CPU control panel is pressed. After 
power is turned on or the RESET switch is pressed, 
separate ENB instructions must be executed to 
enable the desired interrupt levels. 

4-597. Interrupt Processing 

4-598. An interrupt signal consists of a low (true) 
level on one of the negative-true DIO bus interrupt 
lines (INTRPTOO-, etc). These are gated to the set 
side of all active flip-flops whose corresponding 
enable flip-flop has been set. This occurs during 
each time period TO (INTRPTOO INTROON TO). 
This clock period is used because it allows maxi- 
mum time to set up the interrupt service register 
and prepare the memory address register for forced 
addressing prior to the start of the next machine 
cycle. 

4-599. The priority logic generates an interrupt 
request signal (ITOORQ-, etc) corresponding to the 
highest level for which both flip-flops are set 
(waiting condition). The active flip-flop for that 
level, being set, prevents the generation of inter- 
rupt requests on lower priority levels until the 
interrupt has been serviced and has returned to the 
idle condition. Signal ITWAIT- is false whenever 



any interrupt request signal higher than signal 
ITOORQ- is waiting for service, and enables signal 
ITSVENB. 

4-600. The servicing of interrupts is enabled (but 
not necessarily accomplished) by signal ITSVENB 
(Dwg 394567, Sht 9) whenever any interrupt level 
is waiting for service (ITWAIT- or ITROORQ- is 
false) and the CPU is not already in an interrupt 
service cycle (SCDC7- SCDCB- SCDCD-). This 
signal enables interrupt output signal CCITCY to 
be generated, if the interrupt system is unmasked 
(ITSVENB ITFINH-). It also enables interrupt 
service register clock signal KKITSVR and causes 
the number of the requesting level to be copied 
into the interrupt service register (ITRSVIO 
through ITRSV13, Dwg 394582, Sht 9) at the end 
of the next time period. 

4-601. Interrupt signal CCITCY is checked by the 
sequence counter at the completion of each pro- 
grammed instruction when CCCMEND is true and 
before the next instruction is fetched (paragraph 
4-154). This may require one or several machine 
cycles, depending upon the nature of the instruc- 
tion being executed. If an interrupt is received on a 
higher priority level during an intervening machine 
cycle TO time period, the original interrupt request 
signal will be replaced by the higher priority 
request signal, and the number of the higher 
priority level will replace the number of the 
original priority level in the interrupt service 
register. Thus a higher interrupt level may ''steal" 
an interrupt service cycle initiated by a lower level 
before the service cycle is started. 

4-602. Once the sequence counter enters the 
interrupt service cycle (SCDC7 + SCDCB + 
SCDCD), signal ITSVENB is inhibited. Interrupts 
on other levels may be received and stored, but 
higher level interrupts cannot break into the 
interrupt service cycle. In addition, the sequence 
counter advances directly to the fetch phase of the 
first instruction of the interrupt service routine 
from phase D of the interrupt service cycle without 
checking the state of signal CCITCY, so that a 
higher level interrupt request waiting to be serviced 
at the end of the interrupt service cycle cannot be 
serviced until after the first instruction of the 
interrupt service routine has been executed. If 
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desired, this instruction can be a MSK instruction 
to prevent higher levels from interrupting. Since 
inhibit flip-flop ITFINH is set at the end of time 
period T3, signal CCITCY will then be inhibited 
before the sequence counter can enter another 
interrupt service cycle. 

4-603. The outputs of the interrupt service regis- 
ter, signals ITRSVIO through ITRSV13, are used 
in the forced memory address logic to force 
addresses during the interrupt service cycle (para- 
graph 4-420). At the beginning of the cycle, the 
interrupt level being serviced is placed on the active 
state. Signal ITACT- (Dwg 394567, Sht 9) becomes 
false during time period TO of the first phase of the 
interrupt service cycle (SCDC7 TO) and gates the 
interrupt request signal that initiated the cycle into 
the reset input of its corresponding enable flip- 
flop. The enable flip-flop is clocked reset at the 
end of time period TO. 

4-604. Resetting of an enable flip-flop places the 
level into the active state and also terminates the 
request signal that initiated the service cycle. The 
level remains in the active state until the end of the 
interrupt service routine for that level, and no 
additional interrupts will be accepted on that level 
while it remains in the active state. The active 
flip-flop remains set and prevents lower level 
requests from being generated during the interrupt 
service routine. 

4-605. An INR instruction addressed to the level 
being serviced is made the last instruction in each 
interrupt service routine. This instruction resets the 
active flip-flop and sets the enable flip-flop for the 
interrupt level at the end of the instruction fetch 
phase, which returns the level to the idle state and 
enables interrupt requests to be generated on the 
same or lower levels. However, at the end of the 
interrupt return cycle, the sequence counter 
advances directly to the fetch phase of the next 
instruction without generating signal CCCMEND, 
so at least one program instruction (or one 
instruction of an interrupted service routine) will 
be executed before a new interrupt can be serviced. 

4-606. If the interrupt system was masked to 
prevent a higher level interrupt from interrupting 
the service routine, an UNM instruction must 



precede the ending INR instruction to re-enable 
the interrupt system. If a higher level interrupt is 
waiting to be serviced when the system is un- 
masked, it will not be serviced until the INR 
instruction and one instruction of the interrupted 
program have been executed. 

4-607. Interrupt Service Cycle 

4-608. The interrupt service cycle requires three 
machine cycles to execute and is performed in 
sequence counter phases 7, B, and D (SCDC7, 
SCDCB, and SCDCD). During the interrupt service 
cycle, the program count of the interrupted pro- 
gram and a machine status word are stored into 
memory, and an interrupt service routine linkage 
address is loaded into the program counter from 
memory. 

4-609. The memory locations required for this 
function are reserved in the first few locations in 
memory, the size of storage depending upon the 
number of interrupt levels in the system. Memory 
locations are assigned to the interrupt levels in 
blocks of four: locations 0000 through 0003 are 
assigned to level 0, locations 0004 through 0007 
are assigned to level 1, etc. The first location in 
each block is used to store the program count, the 
second is used to store the linkage address, and the 
third is used to store the machine status word. The 
fourth location in each block is not used by the 
interrupt system, but is included in the block 
because it is simpler to address locations in blocks 
of four than in blocks of three. These locations are 
not wasted, because they are used to store linkage 
addresses used by the standard executive program. 

4-610. The sequence counter enters the interrupt 
service cycle from the CCCMEND state if an 
interrupt is waiting to be serviced (CCITCY). While 
in the CCCMEND state, the address of the first 
location in the block assigned to the level being 
serviced is forced into the memory address register 
by the memory address logic (paragraph 4-420). 
The states of the interrupt service register flip-flops 
are used in the forced address logic to specify the 
appropriate block of memory locations to be used. 

4-611. During the first interrupt service phase 
(SCDC7), the contents of the program counter 
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register are stored into the first memory location in 
the block, and the address of the third location in 
the block is forced in the memory address logic for 
use in the second phase of the cycle (SCDCB). 

4-612. In the second phase of the cycle, a machine 
status word is assembled and stored into the third 
location of the block. This machine status word 
includes the contents of the extension register and 
the states of flip-flops ADFNEG, ADFEQL, 
ADFOVF, and CCFGLB. Also, the address of the 
second location in the block is forced into the 
memory address register for use during the third 
phase of the cycle (SCDCD). 

4-613. The address of the first instruction of the 
interrupt service routine appropriate to the inter- 
rupt level being serviced is read out of the second 
location of the block and loaded into the program 
counter register during the third phase of the cycle. 
The first five bits of the address are also copied 
into the extension register, and global control 
flip-flop CCFGLB is set at the end of the phase. 
Since phase D of the interrupt service cycle passes 
through the CCCMENDA state, interrupt signal 
CCITCY is not checked, and the sequence counter 
advances to phase 1 to fetch the first instruction of 
the interrupt service routine for execution. 

4-614. Interrupt Return Cycle 

4-615. At the conclusion of an interrupt service 
routine, an INR instruction is executed to return 
to the operation that was interrupted by the 
interrupt just serviced. This could be to a point in 
the main program or to a point in the interrupt 
service routine of a lower-order interrupt. The INR 
instruction requires three machine cycles to exe- 
cute: an instruction fetch phase (SCDCl), an 
interrupt return phase (SCDC9), and a memory 
read phase (SCDC5.). 

4-616. During the interrupt return cycle, the 
interrupt level is placed into the idle state, the 
machine status is restored, and the program count 
at the point of interruption is loaded into the 
program counter register. The memory locations 
used in the interrupt return cycle are the same as 
those used in the interrupt service cycle, but the 
block addresses in the forced memory addresses are 



derived from the F2 field of the INR instruction 
rather than from the interrupt service register. 

4-617. In the instruction fetch phase of INR 
instruction execution, the interrupt level just serv- 
iced is placed into the idle state, and the address of 
the third location in the block of memory loca- 
tions assigned to the level is forced in the memory 
address logic for use in the interrupt return phase 
(SCDC9). 

4-618. In the interrupt return phase, the machine 
status word is read and loaded into the extension 
register and flip-flops ADFNEG, ADFEQL, 
ADFOVF, and CCFGLB. The address of the first 
location in the block is formed in the memory 
address logic during this phase to be used in the 
memory read phase (SCDC5). 

4-619. The purpose of the memory read phase is 
to read in the program count stored in location one 
of the block. The program count is loaded into the 
program counter register via the adder, and the 
sequence counter advances directly to the fetch 
phase of the next instruction of the interrupted 
program by passing through the CCCMENDA state. 
This causes the status of interrupt signal CCITCY 
to be ignored and ensures that at least one 
instruction of the interrupted program will be 
executed before another interrupt can be serviced. 

4-620. TELETYPEWRITER SET CONTROLLER 
OPTION 

4-621. While the teletypewriter set controller is 
usually contained in the CPU chassis, it communi- 
cates with the CPU only over the data input-output 
(DIG) bus in the same manner as external peri- 
pheral device controllers. The controller operates 
with modified Teletype Corp. Model 33 and Model 
35 Automatic Send-Receive (ASR) Sets. 

4-622. The description, theory of operation, and 
maintenance instructions for the teletypewriter 
sets are contained in the Teletype Corp. manuals 
supplied with the sets. These manuals cover only 
the unmodified units. The modifications to permit 
these sets to operate with the teletypewriter set 
controller are described in paragraphs 4-623 and 
4-632. 
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4-623. Model 33 Teletypewriter Set Modifications 

4-624. The modifications to permit communica- 
tion between the Model 33 teletypewriter set and 
the teletypewriter set controller consist of changes 
in the wiring of the line relay and the addition of 
two relays and two indicators. The modified 
circuits are shown schematically in figure 4-31. The 
optional MANUAL INTERRUPT switch, which is 
mounted on the teletypewriter set, is also shown in 
figure 4-31. 

4-625. The changes in the wiring of the line relay 
permit the set to operate off line when the power 
switch is set to LOCAL and on hne with the 
controller when the switch is set to LINE. The 
relay is not energized in the local mode, and the 
serial character codes are supplied to the selector 
magnet driver from the distributor. The 60-vdc 
supply supplies the signal current which is con- 
trolled by the distributor and the keyboard or 
paper tape reader contacts. 

4-626. Relays Kl and K2 are used in the line 
mode to send data to and receive data from the 
controller and are disabled in the local mode. 
Relay Kl is energized by the 60-vdc supply in the 
local mode, and its contacts are held open: signal 
TTYDIN, which is the output signal to the 
controller, is held true. The contacts of relay K2, 
which is controlled by input signal TTDOT from 
the controller, are disconnected from the selector 
magnet driver in the local mode and are shorted. 
Thus signal TTDOT can have no effect in the 
teletypewriter set in the local mode. 

4-627. In the line mode, the line relay is energized. 
This disconnects the distributor from the selector 
magnet driver and connects it to the coil of relay 
Kl. The contacts of relay K2 are unshorted and are 
connected across the input to the selector magnet 
driver. The 60-vdc supply is only used to supply 
the current to operate relay Kl in this mode. 

4-628. Characters originated at the keyboard or 
paper tape reader are transmitted only to the 
controller in the line mode, and characters to the 
typing unit and paper tape punch are received only 
from the controller. Output characters are routed 
to the controller from the distributor via relay Kl 
and signal line TTYDIN. Input characters from the 



controller are routed to the selector magnet driver 
via signal Une TTDOT and relay K2. 

4-629. When it is desired to print characters being 
sent to the controller from the keyboard, the 
character sent to the controller is sent back to the 
selector magnet driver from the controller. This is a 
function of the controller logic and is discussed in 
paragraph 4-687. 

4-630. The two indicator lights indicate the opera- 
ting mode selected in the controller. The PTR light 
is lighted when input from the paper tape reader is 
desired, and the KBD light is lighted when input 
from the keyboard is desired. Both lights are out 
when the controller is disconnected or output to 
the printer or paper tape punch is desired. 

4-631. The signals that control the indicator lights 
(TTKBDL- and TTPTRL-) perform no control 
functions in the teletypewriter set, and it is the 
responsibility of the operator to set the controls 
correctly on the teletypewriter set to perform the 
desired function. The operating modes of the 
controller are discussed in paragraph 4-664. 

4-632. Model 35 Teletypewriter Set Modifications 

4-633. The Model 35 teletypewriter set communi- 
cates with the teletypewriter set controller in the 
same manner as the Model 33 teletypewriter set. 
However, the construction of the sets differ con- 
siderably, and more extensive modification is 
required in the Model 35 set. The modified circuits 
are shown schematically in figure 4-32. The 
optional MANUAL INTERRUPT switch, which is 
mounted on the teletypewriter set, is also shown in 
figure 4-32. 

4-634. The two added relays (Kl and K2) and the 
two added indicators (DSl and DS2) perform the 
same functions as in the modified Model 33 sets. 
The resistor across the coil of relay Kl is omitted 
because the signal current in the modified Model 
35 set is 20 ma, while it is 60 ma in the modified 
Model 33 set. 

4-635. The line relay performs the same function 
in both sets, but different circuits are switched in 
the Model 35 set, and the effect on the controller 
in the local mode differs between the two sets. 
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Separate signal generators are used for the 
keyboard and transmitter-distributor (paper-tape 
reader). These signal generators are connected in 
series through their normally-closed contacts so 
that either generator may place signals onto the 
signal line. Also, separate selector magnet drivers 
are used for the printer and reperforator (paper- 
tape punch), and either or both may be placed in 
series with the signal line depending on the setting 
of the MODE switch. 

4-636. When the power switch is set to LOG, the 
line relay is not energized, and the series-connected 
signal generators are connected to one or both of 
the selector magnet drivers via the normally-closed 
contacts of the line relay and the MODE switch. 
The signal current (20 mA) is supplied from pin M 
of the auxiliary power supply. Relay Kl is not 
energized in this mode as it is in the modified 
Model 33 set. This holds signal TTYDIN false, and 
does not simulate a stop signal from the signal 
generators. The controller must not be in the 
keyboard or paper-tape reader modes (paragraph 
4-664), or interrupt level 00 must be disabled when 
the Model 35 set is in local mode to avoid the 
continuous transmission of spurious characters to 
the CPU. 

4-637. The line relay is energized when the power 
switch is set to ON LINE. This connects relay Kl 
to the signal generators and connects the contacts 
of relay K2 to the selector magnet drivers. The 
20-mA signal current for the receive circuit is 
supplied from pin K of the auxiliary power supply. 
As in Model 33 sets, characters are sent to the 
controller via relay Kl and are received from the 
controller via relay K2. 

4-638. The two indicator lights indicate the 
operating mode selected in the controller. The PTR 
light is lighted when input from the paper tape 
reader is desired, and the KBD light is lighted when 
input from the keyboard is desired. Both hghts are 
out when the controller is disconnected or output 
to the printer or paper tape punch is desired. 

4-639. The signals that control the indicator lights 
(TTKBDL- and TTPTRL-) perform no control 
functions in the teletypewriter set, and it is the 
responsibility of the operator to set the MODE 



switch to the correct position and to operate the 
teletypewriter set so as to provide the desired 
inputs or outputs. 

4-640. The MODE switch is modified mechani- 
cally to reduce the number of switch positions 
from five to three, and the wiring to the switch is 
modified considerably. Only those sections of the 
mode switch that perform a function in the 
modified set are shown in figure 4-32. The three 
switch positions used are reidentified as PRINT, 
PRINT & PUNCH, and PUNCH. 

4-641. The chief function of the MODE switch in 
the modified set is to switch the signal current to 
one or both selector magnet drivers and to disable 
the unused driver when only one is being used. The 
signal inputs are from either signal generator when 
the power switch is set to LOC and from relay K2 
when the power switch is set to ON LINE. 

4-642. In the PRINT position, the selector magnet 
driver for the printer is in series with the signal 
line, and the reperforator selector magnet driver is 
disabled by a steady 20-mA current supplied by a 
separate power supply on the auxiliary power 
supply card (pins E and S). The negative sides of 
the power supplies (pins A and S) are not 
connected together internally in the power supply 
board, and these two supplies operate independ- 
ently of each other. The negative sides of the 
supplies are connected together when the mode 
switch is set to PRINT in order to return the signal 
current from the printer selector magnet to pin A 
of the supply and the disabling current from the 
reperforator selector magnet driver to pin S. 

4-643. In the PRINT & PUNCH position of the 
MODE switch both the printer and reperforator 
selector magnet drivers are connected in series with 
the signal line. No disabling current is supplied by 
the auxiliary power supply in this mode. 

4-644. Signal current is supplied only to the 
reperforator selector magnet driver when the 
MODE switch is set to PUNCH. The printer 
selector magnet driver is disabled by the disabling 
current from the auxiliary power supply. The 
character counter suppress magnet is also energized 
by the mode switch to permit sending characters 
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from the keyboard without operating the character 
counter mechanism. 

4-645. Character Codes 

4-646. Both the Model 33 and Model 35 
teletypewriter sets employ the standard 8-level, 
11-unit character transmission code. Teletype- 
writer sets used with the 704 Processor operate at 
100 wpm and do not use even parity checking. The 
No. 8 code element, which is the parity bit, is 
always marking (1) in both models. 

4-647. The character code is the 8-level American 
Standard Code for Information Interchange 
(ASCII). The character is transmitted as a series of 
eight spacing (0) or marking (1) pulses preceded by 
a start pulse (spacing) of the same duration as the 
character pulses and followed by a stop pulse 
(marking) of twice the duration of the character 
pulses. Thus the actual signal transmitted contains 
11 units, based on the duration of one character 
pulse as one unit. At 100 wpm, the character is 
transmitted in 100 ms, and each unit is transmitted 
in 9.09 ms. 

4-648. Transmission and reception of character 
codes is timed mechanically in the teletypewriter 
sets by rotating shafts. When tripped, the shafts 
make one revolution in 100 ms and actuate 
contacts that generate or receive the coding pulses. 
This action is simulated in the teletypewriter set 
controller by a shift register that is clocked at 
approximately the same rate and is used to 
transmit and receive the serial characters. Opera- 
tion of the shift register is discussed in paragraphs 
4-701 and 4-716. 

4-649. Characters are transmitted, processed and 
stored in the same code format in which they are 
received. In text, the terms "ASCII code" and 
"teletypewriter code" are used interchangeably. 
The character codes used by the 704 Processor and 
their hexadecimal equivalents are listed in table 
4-5. 

4-650. Communication Between CPU and 
Teletypewriter Set Controller 

4-651. The CPU and teletypewriter set controller 



communicate over the data input-output (DIO) bus 
by means of DIN and DOT program instructions 
and interrupts on level 00. The DIN and DOT 
instructions are used to select the operating modes 
of the controller, transfer data, and obtain status 
responses from the controller. The interrupt is used 
to signal the CPU that the controller is ready to 
accept a character from the CPU or has a character 
to transmit to the CPU. 

4-652. The DIN and DOT instructions place an 
8-bit command word on the data address lines 
(DAD08- through DAD15-) of the DIO bus. Data is 
transferred to the controller from the accumulator 
register in the CPU over eight of the data output 
lines (DOT08- through DOT15-), and data is 
transferred from an assembly register in the con- 
troller to the CPU accumulator register over eight 
of the data input lines (DIN08- through DIN15-). 
Status responses are returned to the CPU from the 
controller over data input lines DINOO- and 
DIN07-. 

4-653. Each of the command words placed on the 
data address lines by DIN or DOT instructions 
consists of a four-bit device address code (bits 
08 — 11) and a four-bit function code (bits 
12 — 15). For convenience of notation, these 
four-bit codes are converted to two hexadecimal 
digits. The contents of the command word is 
specified in the Fl and F2 fields of the DIN or 
DOT instruction. The device address normally 
assigned to the teletypewriter set controller is E 
(1110). The function codes are discussed in para- 
graph 4-655. 

4-654. Operation of the controller is synchronized 
with operation of the CPU by input strobe signal 
DISB-, output strobe signal DOSB-, and external 
clock signal KEXTl- from the CPU. 

4-655. Function Codes 

4-656. The four-bit function code permits a total 
of 16 different function codes. Most of the 
function codes may only be used with one instruc- 
tion, either a DIN instruction or a DOT instruc- 
tion, as shown in table 4-6. Function code may 
be used with either a DIN or DOT instruction, and 
the function performed depends on the instruction 
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used to transmit the code. This increases the 
number of functions that may be performed to 17, 
not all of which are used. 

4-657. Except when requesting status, bit 12 has 
no significance in those function codes that merely 
select one of the modes of transferring data 
between the controller and the teletypewriter set 
because no data is transferred between the CPU 
and the controller by these instructions. When no 
data is transferred between the CPU and the 
controller, the data transfer mode is immaterial, 
and either of the pair of codes (0 and 8, 1 and 9, 
etc) may be used for the select operation. 

4-658. Bit 13 determines whether data is 
transferred between the CPU and the controller or 
not. When the bit is 0, the mode of transferring 
data between the controller and the teletypewriter 
set is selected, but no data is transferred. (Bit 13 is 
also when status is requested, but the status 
response to the CPU is not considered data.) When 
bit 13 is 1, data is transferred between the CPU 
and the controller. 

4-659. Except when requesting status, bits 14 and 
15 of the function code determine the mode of 
transferring data between the controller and the 
teletypewriter set. These modes are discussed in 
paragraph 4-664. 

4-660. Function codes that transfer data between 
the CPU and the controller (4 through 7 and C 
through F) may also be used to select the mode of 
transferring data between the controller and the 
teletypewriter set, to retain the mode previously 
selected, or to disconnect the teletypewriter set. 

4-661. When inputting data from the teletype- 
writer set, a select instruction must be executed to 
select the paper-tape reader or keyboard mode 
prior to executing the first instruction to transfer a 
character to the CPU. This is necessary because a 
character must be placed into the assembly register 
from the teletypewriter set before it can be 
transferred to the CPU. 

4-662. Normally the instruction that transfers a 
character into the CPU specifies the previously 
selected mode in bits 14 and 15 of the function 



code, and subsequent characters are transferred in 
without the necessity of additional select instruc- 
tions. It is also possible to input a character and 
disconnect the teletypewriter set with the same 
instruction (function codes 4 and C). These func- 
tion codes have limited application and are seldom 
used. 

4-663. It is not necessary to select the print/punch 
mode prior to outputting data to the teletype- 
writer set. The same function code (6 or E) may be 
used to transfer a character from the CPU to the 
controller assembly register, select the print/punch 
mode, and transfer the character from the 
assembly register to the teletypewriter set. Func- 
tion codes 2 through A, which only select the 
print/punch mode, are also of limited application 
and are seldom used. 

4-664. Controller /Teletypewriter Set Data 
Transfer Modes 

4-665. Data is transferred between the controller 
and the teletypewriter set in serial form. An 
assembly register in the controller is used to receive 
parallel data from the CPU and to transmit the 
data in serial form to the teletypewriter set receive 
circuit via data output line TTDOT. The same 
register is used to receive serial data from the 
teletypewriter set send circuit via data input line 
TTYDIN and to transmit the data in parallel form 
to the CPU. 

4-666. Note that the assembly register communi- 
cates only with the teletypewriter set send and 
receive circuits, not individual components of the 
set (keyboard, paper-tape punch, printer, and 
paper-tape reader). The controller has no control 
over the destination of data sent to the set (printer, 
paper- tape punch, or both) nor the source of data 
received from the set (keyboard or paper-tape 
reader). These are determined solely by the tele- 
typewriter set controls and the manner in which 
the set is operated. 

4-667. Four modes of transmitting data between 
the controller and the teletypewriter set may be 
used. These modes are specified by bits 14 and 15 
of the teletypewriter set function codes (paragraph 
4-665). The modes specified and the data paths set 
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up by these bits are shown in table 4-7. The KBD 
and PTR lights added to the teletypewriter set are 
also controlled by the mode selected, and the 
states of these lights in each mode are also shown 
in the table. 

4-668. The data transfer modes only have 
significance when the teletypewriter set is opera- 
ting in the ON LINE mode. When the set is 
operating in the LOCAL mode, the send and 
receive circuits are connected together internally 
and are disconnected from the controller input and 
output lines. 

4-669. In the disconnect mode (00), there is no 
communication between the assembly register and 
the teletypewriter set. Data sent to the controller 
from the teletypewriter send circuit is returned to 
the receive circuit, and the assembly register is 
isolated from both circuits. Operation of the 
teletypewriter set in this mode is identical to 
operation in the LOCAL mode except for the 
routing of data between the send and receive 
circuits. 

4-670. When inputting data from the paper-tape 
reader, it is usually not desired to print the data or 
punch a duplicate tape. The paper-tape reader 
mode (01) permits data to be transferred from the 
send circuit to the assembly register, but isolates 
the receive circuit so that the data will not be 
printed or punched. 

4-671. When inputting data from the keyboard, it 
is usually desired to print out the characters being 
typed. In the keyboard mode (11), data that is 
transferred from the send circuit to the assembly 
register is also returned to the receive circuit to be 
printed and/or punched. 

4-672. While input is normally from the paper- 
tape reader in the paper-tape reader mode and 
from the keyboard in the keyboard mode, the 
keyboard may be used in the paper-tape mode and 
vice versa. The only difference between the two 
modes is whether the data is returned to the 
receive circuit or not. 



4-673. In the print/punch mode (10), data is 
transferred from the assembly register to the 
receive circuit, and the send circuit is isolated. The 
setting of the teletypewriter set controls determine 
whether the data being outputted is printed, 
punched (Model 35 only), or printed and punched. 

4-674. Status Response 

4-675. The status of the teletypewriter set con- 
troller may be obtained by executing a DIN 
instruction with address E and function code 
(DIN E 0). The status response is returned on data 
input lines DINOO- and DIN07- of the DIO bus. 

4-676. Bit 00 of the status response reflects the 
controller/teletypewriter set data transfer mode of 
the controller (paragraph 4-664). If the controller 
is in the disconnect mode, bit 00 is 0, and the 
controller is considered "not busy." If any of the 
other three modes is selected, bit 00 is 1, and the 
controller is considered "busy." Note that bit 00 
reflects only the mode selected, not whether data 
is being transferred or is waiting in the assembly 
register to be transferred. 

4-677. Bit 07 of the status response reflects the 
interrupt status of the controller. If no interrupt is 
waiting to be serviced, bit 07 is 0. If an interrupt 
has been sent to the CPU and has not been 
serviced, bit 07 is 1. 

4-678. Interrupts 

4-679. Interrupts are sent to the CPU on interrupt 
level 00. This is the lowest-priority interrupt level 
in a multi-level system. The interrupt is generated 
when a character is transferred (serially) between 
the controller and the teletypewriter set. 

4-680. When inputting a character from the tele- 
typewriter set (paper-tape reader or keyboard 
mode), the interrupt is generated when the last bit 
of the eight-bit character code has been shifted 
into the assembly register. The interrupt in this 
case signifies that a character is waiting in the 
assembly register to be transferred to the CPU. 
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4-681. In the keyboard mode, the KBD light on 
the teletypewriter set is turned off by the interrupt 
and is turned back on when the character is 
transferred to the CPU. The light is turned off to 
indicate that the controller cannot accept another 
character and is turned on to indicate that another 
character may be typed. Characters typed while 
the light is off (in keyboard mode only) will not be 
accepted by the assembly register or will be garbled 
if the interrupt is serviced while the character is 
being transferred from the keyboard. 

4-682. When outputting a character from the 
controller to the teletypewriter set (print/punch 
mode), the interrupt is generated when the first 
"stop" bit is transferred to the teletypewriter set. 
The interrupt in this case signifies that the charac- 
ter has been transferred to the teletypewriter set 
and that the controller is ready to receive another 
character from the CPU. 

4-683. The interrupt logic and timing are discussed 
in paragraphs 4-701 and 4-716. 



function code is enabled by signal TTADDC 
(Drawing 394587, Sheet 6). Signal TTADDC 
becomes true when an address of E (1110) is 
received on data address lines DADOS- through 
DAD11-. 



Note 

The device address of E for the teletype- 
writer set controller is a convention 
adopted for standardized system soft- 
ware. It can be changed by making 
appropriate jumper connections on the 
controller card. Refer to Section V. 

4-689. The control signals generated when signal 
TTADDC becomes true depend on whether a DIN 
or DOT instruction is being executed by the CPU 
and whether status is being requested or not. If a 
DIN instruction is being executed, input strobe 
signal TTDISB is true, and the state of status 
request signal TTSTRQ determines whether a 
status response or data is returned to the CPU. 



4-684. Controller Logic 

4-685. The controller logic is shown in block 
diagram form in figure 4-33. The command word 
decode logic suppHes control signals that determine 
the data transfer modes between the CPU and the 
assembly register and between the assembly regis- 
ter and the teletypewriter set. It also gates data 
into and out of the register, controls the initiation 
and termination of interrupts, and controls the 
generation of status responses. 



4-690. Signal TTSTRQ is true when status is 
requested (function code 0), and signal TTSTIN 
gates the status response onto data input lines 
DINOO- and DIN07-. The states of mode flip-flops 
TTFOUT and TTFIN determine the response on 
line DINOO-. If either flip-flop is set (TTFOUT + 
TTFIN), the response is 1. If both are reset 
(TTFOUT- TTFIN-), the response is 0. The state of 
interrupt flip-flop TTFINT determines the re- 
sponse on line DIN07-. The response is 1 if the 
flip-flop is reset and if it is set. 



4-686. The serial transmission of data between the 
assembly register and the teletypewriter set 
requires that the 11-unit code be transmitted from 
and received by the assembly register in the same 
form and with the same timing as used in the 
teletypewriter set. This function is performed by 
the clock enable logic, clock counter, input shift 
enable logic, shift logic, and sequencer. 

4-687. Command Decoding 

4-688. When a command word is addressed to the 
teletypewriter set controller, the decoding of the 



Note 

The functions of flip-flops TTFINT and 
TTFISF have been inverted in the pro- 
cess of hardware layout. That is to say, 
the TTFINT flip-flop must be reset 
(TTFINT- true) to send an interrupt to 
the CPU, and the TTFISF flip-flop must 
be reset (TTFISF- true) to enable input 
data shifting into the assembly register. 

4-691. Signal TTSTRQ is false when any DIN 
instruction except a status request is executed, and 
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the contents of the assembly register is gated onto 
data input Unes DIN08- through DIN15- by signal 
TTSAID. 

4-692. If a DOT instruction is being executed, 
output strobe signal TTDOSB is true, and bit 13 of 
the command word determines whether a select or 
data transfer operation is performed. If bit 13 is 1, 
signal TTARLD gates a character into the assembly 
register from data output lines DOT08- through 
DOT 15- and sets data-out- waiting flip-flop 
TTFDOW. If bit 13 is 0, no data is transferred 
from the CPU to the assembly register by the DOT 
instruction, and flip-flop TTFDOW remains reset. 

4-693. When either a DIN instruction (except a 
status request) or a DOT instruction is executed, 
signal TTSAIOD becomes true. This signal directly 
sets interrupt flip-flop TTFINT and enables mode 
flip-flops TTFOUT and TTFIN. The states of bits 
14 and 15 of the function code are copied into 
these flip-flops whenever any instruction except a 
status request is addressed to the controller. 

4-694. Flip-flops TTFOUT and TTFIN determine 
the mode of transmitting data between the control- 
ler and the teletypewriter set. (The four data 
transmission modes are discussed in paragraph 
4-664.) 

4-695. In the disconnect mode, both flip-flops are 
reset. The inputs to assembly register flip-flop 
TTARS are disabled by signal TTFIN being false, 
and data from the teletypewriter send circuit 
cannot be loaded into the assembly register via 
signals TTDIN and TTDIN-. Output from register 
flip-flop TTARO is disabled by signal TTFOUT 
being false, and data cannot be transmitted from 
the assembly register to the teletypewriter receive 
circuit via signal TTDOT. The output of one gate 
used to make up signal TTDOT is held true by 
signal TTFOUT being false, and signal TTKBORDC 
in the other gate is held true by both signals 
TTFIN and TTFOUT being false. Thus signal 
TTDOT reflects the state of signal TTYDIN, and 
data received from the teletypewriter send circuit 
via signal TTYDIN is returned to the receive circuit 
via signal TTDOT. 



4-696. In the paper-tape reader mode, flip-flop 
TTFIN is set, and flip-flop TTFOUT is reset. This 
enables the inputs of assembly register flip-flop 
TTARS and allows data to be loaded into the 
assembly register from the teletypewriter send 
circuit. The output from flip-flop TTARO is still 
disabled (TTFIN- and TTFOUT false), but signal 
TTKBORDC is also false (TTFIN TTFOUT-), and 
signal TTDOT is held true. This prevents data being 
loaded into the assembly register from also being 
returned to the receive circuit. 

4-697. In the print/punch mode, flip-flop 
TTFOUT is set, and flip-flop TTFIN is reset. This 
enables the output from assembly register flip-flop 
TTARO to be transmitted to the receive circuit via 
signal TTDOT and also disables the return of data 
from the send circuit to the receive circuit (TTFIN- 
TTFOUT). The reception of data from the send 
circuit by the register is also disabled by signal 
TTFIN being false. 

4-698. In the keyboard mode, both flip-flop 
TTFOUT and flip-flop TTFIN are set. As in the 
paper-tape reader mode, the reception of data from 
the send circuit is enabled by signal TTFIN, and 
the tranmission of data from the register to the 
receive circuit is disabled (TTFIN- false). However, 
signal TTKBORDC is true in this mode, and data 
being loaded into the assembly register is also 
returned to the receive circuit. 

4-699. Signals TTFIN and TTFOUT also control 
the KBD and PTR indicator lights on the teletype- 
writer set. The KBD indicator is lit in the keyboard 
mode if the assembly register is ready to accept 
another character (TTFINT TTFOUT TTFIN). If 
the last character transmitted to the register has 
not been transferred to the CPU, interrupt flip-flop 
TTFINT will be reset, and the KBD indicator will 
remain out until the character is transferred to the 
CPU. The PTR indicator is ht in the paper-tape 
reader mode (TTFIN TTFOUT-). 

4-700. Signals TTFIN and TTFOUT also perform 
control functions in the interrupt logic and clock 
inhibit logic. These functions are discussed in the 
paragraphs that follow. 
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4-701. Character Input Operation 

4-702. When either the paper-tape reader or key- 
board mode is selected, signal TTFIN is true, and 
data transfer from the teletypewriter set to the 
CPU is enabled. Before a character is transmitted, 
interrupt flip-flop TTFINT is set (no interrupt) and 
clock enable flip-flop TTFKEN is reset. Signal 
TTFKEN being false directly resets sequencer 
flip-flops TTRO - TTR3 and directly resets clock 
counter flip-flops TTKARO - TTKAR4 and 
TTKBRO- TTKBR9 via signals TTKRDRl- 
through TTKRDR4-. Signal TTFKEN- is inverted 
and directly sets input shift flip-flop TTFISF to 
inhibit shift clock pulses. 

4-703. The character is transmitted from the 
teletypewriter set as a series of eleven pulses of 
9.09 ms duration. Two clock counter registers are 
used in the controller to generate a shift clock 
signal with very nearly the same period. The first 
counter register (TTKARO- TTKAR4) is a 
divide-by-nine ring counter that is clocked at the 
end of each time period T2 by signals TTT2A and 
TTT2B. The second counter register (TTKBRO - 
TTKBR9) is a ten-stage binary counter that is 
clocked every ninth machine cycle by signal 
TTARO- going false. The most-significant stage of 
the binary counter is set for 512 counters (4608 
machine cycles) and reset for 512 counts, resulting 
in a clock output with a period of 9,216 machine 
cycles, or 9.216 ms. This results in a character 
transmission time of 101.376 ms rather than the 
nominal 100 ms of the teletypewriter set. The 
discrepancy is less than 2 percent and is well within 
the acceptable limits. 

4-704. Before the character is transmitted, relay 
Kl in the modified teletypewriter set is held 
energized, and signal TTYDIN is held true. The 
first pulse of every character sent from the 
teletypewriter set is a ''start" pulse, which is 
always spacing (no current). Relay Kl is deener- 
gized during a spacing pulse and grounds signal 
TTYDIN, causing signal TTDIN- to become true. 
Clock enable flip-flop TTFKEN is directly set 
during the first time period T2 after signal TTDIN- 
becomes true (TTRO- TTR2- TTR3- TTT2 
TTDIN-) and removes the direct reset from the 
sequencer and clock counter flip-flops. 



4-705. The divide-by-nine ring counter is clocked 
at the end of the next T2 time period and flip-flop 
TTKARO is set. Signal TTKARO- going false clocks 
binary counter flip-flops TTKBRO and TTKBRl 
and sets both of them. In turn, signal TTKBRl- 
going false clocks and sets flip-flops TTKBR2 and 
TTKBR3. The binary counter flip-flops are thus set 
in pairs until all are set. The propagation delay of 
approximately 200 ns through the counter is 
insignificant compared to the shift clock period of 
approximately 9.2 ms and can be ignored. Signal 
TTKBR9- becomes false when the last pair of 
flip-flops is set and clocks the sequencer flip-flops 
directly. It also clocks flip-flops TTFKEN, 
TTFISF, and TTFINT via signal KKTTF and enters 
into the shift clock logic. The sequence of opera- 
tion in the character input operation is shown in 
figure 4-34. 

4-706. The sequencer is advanced to the "start" 
configuration on the first negative transition of 
signal TTKBR9-. After 4608 machine cycles, signal 
TTKBR9- becomes true and enables flip-flop 
TTFKKl to be set at the end of the next time 
period T2. Signal TTFKKl remains true for one 
machine cycle, but does not cause signal 
KKTTSFT to become true because signal TTFISF- 
is still false. Flip-flop TTFKK2 is set at the same 
time that flip-flop TTFKKl is reset and prevents 
more than one clock pulse from being generated by 
flip-flop TTFKKl each time signal TTKBR9- 
becomes true. 

4-707. The start pulse is not loaded into the 
assembly register because the clock pulse 
(TTFKKl) that occurs approximately half way 
through the start pulse does not generate a shift 
clock pulse (KKTTSFT). The start pulse carries no 
intelligence (other than that transmission of a 
character has started) and is not transmitted from 
the controller to the CPU, so there is no necessity 
for placing it into the assembly register. 

4-708. The next pulse transmitted is the first 
(least-significant) bit of the eight-bit ASCII charac- 
ter code. This bit may be marking (current or 1) or 
spacing (no current or 0). In the example shown in 
figure 4-34, the character shown is an alternating 
series of I's and O's to illustrate the separate pulses. 
(This is the ASCII code for the letter U. Bit 8, the 
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parity bit, is shown as for purposes of illustra- 
tion. However, bit 8 is always 1 in actual characters 
in the 704 Processor system.) 



pulses and interrupting the CPU have no effect on 
signal TTDOT, and both stop pulses are returned 
to the receive circuit in this mode. 



4-709. Input shift flip-flop TTFISF is reset at the 
end of 9216 machine cycles (approximately at the 
end of the start pulse) and enables shift clock 
signal KKTTSFT. The eight bits of the character 
code are loaded into assembly register flip-flop 
TTAR8 on successive shift clock pulses (TTDIN- 
TTFIN or TTDIN TTFIN). Notice that the bits are 
inverted when they are loaded into the assembly 
register. Bits already placed into the register are 
shifted to the next flip-flop of the register each 
time a new bit is loaded into flip-flop TTAR8. 
When bit 8 is loaded into flip-flop TTAR8, bit 1 is 
shifted into flip-flop TTARl, and all intermediate 
bits are shifted into their corresponding flip-flops. 

4-710. The sequence counter is clocked by signal 
TTKBR9- each 9216 machine cycles and is 
advanced to the next state approximately at the 
end of each pulse received from the teletypewriter 
set. (The sequencer states during each input pulse 
are shown in figure 4-34.) During the bit 8 pulse, 
the setting of flip-flop TTFISF and the resetting of 
flip-flop TTFINT are enabled (TTRO- TTR2- 
TTR3). Bit 8 is loaded into the assembly register 
approximately half way through the pulse, and 
flip-flops TTFISF and TTFINT are set and reset 
respectively approximately at the end of the pulse. 
Setting flip-flop TTFISF inhibits shift clock signal 
KKTTSFT so that the contents of the assembly 
register cannot be altered after the character is 
placed into the register. Resetting flip-flop 
TTFINT places an interrupt onto the interrupt 
level assigned to signify that the controller is ready 
to transmit a character to the CPU. 

4-711. Two stop pulses, both of which are mark- 
ing (1), follow bit 8 of the character code. The 
stop pulses have no significance in the controller, 
and the interrupt is sent to the CPU approximately 
at the start of the first stop pulse in order to allow 
as much time as possible for the character to be 
transferred to the CPU before the next character is 
transmitted from the teletypewriter set. However, 
the stop pulses are significant in the teletypewriter 
set receive circuit if the controller is operating in 
the keyboard mode. Inhibiting the shift clock 



4-712. The sequencer is clocked approximately at 
the end of both clock pulses and advances to state 
following the second stop pulse. The resetting of 
clock enable flip-flop TTFKEN is enabled during 
the second stop pulse (TTRO- TTR2 TTR3), and 
the flip-flop is reset at the same time that the 
sequencer advances to state 0. This directly resets 
the clock counters and halts operation of the 
controller. (The direct reset of the sequencer 
flip-flops and the direct set of flip-flop TTFISF 
maintain conditions that already exist.) 

4-713. The error in the controller clock period 
results in the character input time being 101.376 
ms rather than the nominal 100 ms required to 
transmit the character from the teletypewriter set. 
In intermittent character input operations, such as 
from the keyboard, the difference in character 
times is insignificant. However, in continuous input 
operations from paper tape, the cumulative error 
would result in loss of synchronization between 
the teletypewriter set and the controller after a few 
characters. To prevent this, clock enable flip-flop 
TTFKEN is directly reset during the first time 
period T2 following the receipt of a new start 
pulse, if the sequencer is still in the second stop 
pulse state (TTRO- TTR2 TTR3 TTT2A TTDIN-). 

4-714. Directly resetting flip-flop TTFKEN causes 
the sequencer and clock counters to be directly 
reset, then flip-flop TTFKEN is directly set during 
the next time period T2 to start the next character 
input operation. The loss of one machine cycle to 
directly reset and set flip-flop TTFKEN is insignifi- 
cant (compared to the controller clock period of 
9216 machine cycles), and synchronization is 
effectively restored at the beginning of each start 
pulse. 

4-715. When the interrupt is serviced by the CPU, 
the character in the assembly register is transferred 
to the CPU accumulator register by a DIN instruc- 
tion. Signals TTSAID and TTSAIOD become true 
for one machine cycle during phase C of the DIN 
instruction. Signal TTSAID gates the character 
onto data input lines DIN08- through DIN15-, and 
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signal TTSAIOD directly sets interrupt flip-flop 
TTFINT to terminate the interrupt. The character 
is loaded into the CPU accumulator register at the 
end of the machine cycle. 

4-716. Character Output Operation 

4-717. When a character is transmitted from the 
CPU to the teletypewriter set, the controller may 
already be in the print/punch mode from a 
previous operation, or the controller may be placed 
into the print/punch mode by the same DOT 
instruction that transfers the character from the 
CPU accumulator register to the controller assem- 
bly register. Operation of the controller is the same 
in either case. 

4-718. The interrupt signifying that the controller 
is ready to accept a new character is sent to the 
CPU as soon as the eighth code bit of the current 
character is transmitted to the teletypewriter set. If 
the interrupt is serviced promptly, the new charac- 
ter will be loaded into the assembly register near 
the start of the first stop pulse of the previous 
character. Operation of the controller does depend 
on whether transmission of a previous character to 
the teletypewriter set is still in progress or has been 
completed when a new character is loaded into the 
accumulator register from the CPU. 

4-719. When the DOT instruction is executed to 
transfer the character, bit 13 of the function code 
is true and signal TTARLD becomes true during 
phase C of the instruction (TTADDC TTDOSB 
TTAD13). Signal TTSAIOD also becomes true 
during this phase (TTADDC TTDOSB) and enables 
the inputs of mode flip-flops TTFOUT and TTFIN 
and directly sets interrupt flip-flop TTFINT if it is 
reset. (Setting flip-flop TTFINT terminates a pre- 
vious interrupt.) 

4-720. At the end of time period TO, the states of 
bits 14 and 15 of the function code are copied into 
flip-flops TTFOUT and TTFIN, respectively. Flip- 
flop TTFOUT is set, and flip-flop TTFIN is reset in 
the print/punch mode. (If the controller is already 
in the print/punch mode, the states of the mode 
flip-flops are not altered.) Data-out- waiting flip- 
flop TTFDOW is also set by signal TTARLD at the 
end of time period TO. Setting this flip-flop 



initiates transmission of the character to the 
teletypewriter set in the present machine cycle, if 
transfer of a previous character is not still in 
progress. If the stop pulses of the previous charac- 
ter are being transmitted, flip-flop TTFDOW 
remains set until after the second stop pulse is 
transmitted, then initiates transmission of the new 
character. 

4-721. During time period T2, signal TTARLD 
directly resets assembly register flip-flops 
TTARl - TTAR8 via signal TTARDR-. This places 
O's into all of the code bits. If the stop pulses of a 
previous character are not being transmitted, the 
sequencer is in state 0, and register flip-flop 
TTARO is directly reset during this time period. If 
stop pulses are being transmitted, flip-flop TTARO 
is directly reset as soon as the sequencer enters 
state 0, indicating that transmission of the previous 
character is completed. In either case, flip-flop 
TTARO is directly reset to provide the start pulse 
(0) before the new character is transmitted to the 
teletypewriter set. 

4-722. If the sequencer is in state 0, clock enable 
flip-flop TTFKEN is directly set during time period 
T2 and enables the clock counters and the sequen- 
cer (TTRO- TTR2- TTR3- TTT2 TTFDOW). If stop 
pulses are being transmitted, flip-flop TTFKEN is 
still set and is reset at the end of the second stop 
pulse. It is then directly set during the next time 
period T2 to start transmission of the new charac- 
ter. 

4-723. During time period T4 of the DIO phase, 
delayed assembly register load signal TTARDL 
gates the character code bits into the direct set 
inputs of the assembly register (TTARLD TTT4). 
The inverted data output lines (DOT08- through 
DOT15-) of the data output bus are applied 
directly to the gates without being inverted. This 
results in the register flip-flops being directly set by 
1 code bits and remaining reset for code bits. 

4-724. At the end of time period T2, the divide- 
by-nine clock counter (TTARO— TTAR4) is 
clocked. Assuming that flip-flop TTFKEN has been 
reset and has cleared the clock counters and is now 
set to enable transmission of the new character, 
flip-flop TTKARO is set the first time the counter 
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is clocked. Signal TTKARO- going false clocks 
binary counter flip-flops TTKBRO and TTKBRl 
and sets both of them. In turn, signal TTKBRl- 
going false clocks and sets flip-flops TTKBR2 and 
TTKBR3. The binary counter flip-flops are thus set 
in pairs until all are set. The propagation delay of 
approximately 200 ns through the counter is 
insignificant compared to the shift clock period of 
approximately 9.2 ms and can be ignored. Signal 
TTKBR9- becomes false when the last pair of 
flip-flops is set and clocks the sequencer flip-flops 
directly. It also clocks flip-flops TTFKEN, 
TTFISF, and TTFINT via signal KKTTF and enters 
into the shift clock logic. The sequence of opera- 
tion in the character output operation is shown in 
figure 4-35. 

4-725. The sequencer is advanced to the "start" 
configuration on the first negative transition of 
signal TTKBR9-. This makes signal TTDOENB true 
(TTRO + TTR2- TTR3) and gates the start pulse 
from flip-flop TTARO onto data output line 
TTDOT to the teletypewriter set (TTARO- 
TTDOENB TTFIN- TTFOUT). Flip-flop TTFDOW 
is reset via signal TTDC9 by the first CPU clock 
pulse after the sequencer enters the start state 
(TTRO TTRl- TTR2- TTR3) and enables flip-flop 
TTFINT to be reset near the end of the character 
output operation. 

4-726. Shift clock signal KKTTSFT is false before 
the sequencer enters the start state because signal 
TTRO is false (TTFIN- TTRO TTKBR9-) and 
remains false when the start state is entered 
because signal TTRBR9- is now false. During the 
time that flip-flop TTRO is set, signal KKTTSFT 
reflects the state of signal TTRBR9-. After 4608 
machine cycles, both signals become true and 
remain true for an additional 4608 machine cycles. 
Both signals become false at the end of 9216 
machine cycles: signal KKTTSFT shifts the con- 
tents of the assembly register one position toward 
flip-flop TTARO, and signal TTKBR9- advances the 
sequencer to the next state. Flip-flop TTFISF is 
also reset at this time, but has no function in the 
character output operation. 

4-727. The start pulse transmitted to the teletype- 
writer set is always spacing (no current or 0). When 
the contents of the assembly register are shifted, 



the first (least-significant) bit of the eight bit 
ASCII character code is shifted into flip-flop 
TTARO and is transmitted to the teletypewriter 
set. This bit may be marking (current or 1) or 
spacing (no current or 0). In the example shown in 
figure 4-35, the character shown is an alternating 
series of I's and O's to illustrate the separate pulses. 
This is the ASCII code for the letter U. Bit 8 (the 
parity bit) is shown as for purposes of illustra- 
tion. However, the bit 8 is always 1 in actual 
characters in the 704 Processor system. 

4-728. The remaining bits of the character code 
are transmitted to the teletypewriter set on succes- 
sive shift clock pulses. Since the period of the shift 
clock is 9.216 ms rather than 9.09 ms, there is a 
cumulative error in the occurrence of the code bits 
relative to the nominal bits times of the teletype- 
writer set. Bit 8 of the character code is trans- 
mitted approximately 1 ms after the start of the 
nominal bit 8 time. However, the teletypewriter set 
samples only a small segment near the center of 
each pulse to allow for minor timing errors 
between sets, so the discrepancy in the timing of 
the pulses sent from the controller is well within 
acceptable limits. 

4-729. The total transmission time for the 11-unit 
code is 101.376 ms rather than the nominal 
100-ms character time of the teletypewriter set. In 
character input operations, it is necessary to 
provide means for cutting short the last stop pulse 
to avoid losing synchronization with incoming 
characters. However, there is no need to shorten 
the character transmission time in output opera- 
tions because the teletypewriter set finishes its 
cycle first and waits for the next character: 
synchronization is reestablished at the start of each 
character. 

4-730. When bit 8 is shifted into flip-flop TTARO, 
the sequencer is advanced to the bit 8 state: 
flip-flop TTRO is reset and remains reset for the 
remainder of the output operation. Signal TTRO 
being false holds shift clock signal KKTTSFT false 
so that no more shift clock pulses are applied to 
the assembly register after the last code bit is 
shifted into flip-flop TTARO. This allows a new 
character to be loaded into the assembly register 
during the stop pulses without being prematurely 
shifted. 
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4-731. At the end of the bit 8 code pulse, flip-flop 
TTFISF is set, interrupt flip-flop TTFINT is reset 
(TTRO- TTR2- TTR3), and the sequencer advances 
to the first stop pulse state. Resetting flip-flop 
TTFINT sends an interrupt to the CPU, signifying 
that the assembly register is ready to accept a new 
character. Signal TTDOENB becomes false when 
the first stop state is entered and holds signal 
TTDOT true until the next start pulse occurs, so a 
new character may be loaded into the assembly 
register without affecting transmission of the stop 
pulses of the present character. 

4-732. Two stop pulses, both of which are mark- 
ing (1), are transmitted to the teletypewriter set 
following bit 8 of the character code. The sequen- 
cer is clocked at the end of both clock pulses and 
advances to state at the end of the second stop 
pulse. Clock enable flip-flop TTFKEN is reset at 
the same time (TTRO- TTR2 TTR3) and directly 
resets the clock counters via signal TTKRDR to 
halt operation of the controller. The direct reset of 
the sequencer flip-flops and the direct set of 
flip-flop TTFISF maintain conditions that already 
exist. 



supply (identical to the main cabinet power sup- 
ply) and is capable of handling four additional 
memory modules as well as priority interrupt 
expansion circuit cards, etc. Main and auxiliary 
power supplies are controlled by the same ac 
control circuits located within the main cabinet. 

4-737. As an option, the processor may be 
equipped with a power failsafe circuit card that 
monitors the ac line voltage, interrupts data pro- 
cessing to store operands and machine status, and 
shuts down the system when ac power failure is 
detected. These circuits are contained on a single 
circuit card, along with (or without) the hardware 
bootstrap option. 

4-738. AC Control Circuits 

4-739. The ac control circuits in the main cabinet 
transfer primary power to the main power supply 
and blower and, in effect, control power-on and 
power-off operations in any auxiliary cabinet 
power supplies as well. These control circuits may 
be seen in drawing 545435, the wiring diagram for 
the 704 Processor cabinet. 



4-733. COMPUTER POWER 

4-734. The 704 Processor contains its own internal 
dc power supply. The power supply is a self- 
contained, chassis-mounted unit with multiple out- 
puts that deliver all of the dc power for the CPU, 
up to four 4096-word memory modules, and the 
worst-case configuration of optional circuit cards 
that can be accommodated within the cabinet. 
Power is distributed at +3, +5, -5, +6, +12, and +24 
volts from this supply. 

4-735. Processors intended for domestic use are 
equipped with power supplies operating from 
110-120-volt rms, 60-Hz, single phase power lines. 
If the processor is to be operated from 50-Hz lines, 
an alternate 110/220/240/250-volt rms power 
supply will be installed. Both have standard NEMA 
3-wire grounded plugs on their line cords. 

4-736. If more than four memory modules 
(16,384 words) are used, the additional module 
cards are installed in a second equipment cabinet. 
This cabinet is equipped with its own dc power 



4-740. Primary power is routed from the power 
lines through terminal boards TBI and TB2 and 
fuse Fl on the power supply chassis to the ON and 
OFF switches for processor power on-off control. 
Pressing the ON switch closes one set of nor- 
mally-open contacts, energizing the coils of relays 
Kl and K2 which are connected together in 
parallel. Pin 4 and pin 7 contacts of relay Kl 
represent a latching switch that keeps the relays 
energized after the ON switch is released. Another 
set of ON switch contacts closes when the switch is 
pressed and grounds the RESET- line going to the 
Memory Control card master reset logic. Thus, the 
CPU is reset each time power is turned on. 

4-741. Relay K2 has heavy-duty contacts which 
close when the relay is activated and transfer 
power to the main dc power supply, the rear panel 
fan, and the primary of step-down transformer Tl. 
(This transformer is optional and is installed only 
in 704 Processors with the power failsafe feature.) 
Another set of normally-open contacts in the Kl 
relay close at the same time and may be used to 
control the transfer of primary power to a power 
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supply located in an auxiliary equipment cabinet. 
Notice that this REMOTE CONTROL circuit does 
not distribute primary power from the main 
cabinet but only provides a relay closure. With 
primary power distributed to the main and auxil- 
iciry power supplies (if any), the processor is turned 
on. 

4-742. Pressing the OFF switch opens a normally- 
closed set of contacts which is in series with the Kl 
relay latching contacts. This breaks the circuit 
energizing the coils of both relays, allowing their 
contacts to open. At the same time, a second set of 
OFF switch contacts places a ground on the 
ELESET- line, generating a master reset while power 
shuts down. This halts data processing and inhibits 
memory access during the shutdown interval. 

4-743. DC Distribution 

4-744. The wiring diagram for the 704 Processor 
main cabinet, drawing 545435, shows the major 
distribution of dc voltages within the cabinet. 
Terminal boards TB2 and TBS are at the rear of 
the power supply chassis and handle the power 
supply outputs. The current density of the +5-volt 
logic level output is handled by three terminal 
board TB2 outputs, two of which are distributed 
to the standard plug-in circuit cards through the 
mother board. The other +5-volt line goes to the 
front panel assembly to be used primarily in front 
panel switching logic. Power at -5, +12, and +24 
volts is distributed solely through the mother 
board. 

4-745. Six-volt power, handled through power 
supply terminal board TBS, is used solely to light 
indicator lamps on the front panel assembly and on 
the teletypewriter set. Lamp drivers for these 
indicators control the lamps by switching their 
return lines. Terminal board TBS is also the output 
for +S-volt power used on the DIO and DMA 
buses. 



generating a master reset while the switch is held 
down. This halts data processing and inhibits 
memory access during power shutdown. 

4-747. There are times when it is desirable for 
processor power to remain on at all times, with the 
front panel power control switches disabled. This is 
easily done by jumpering terminal board TB5 pin 8 
to pin 9 which connects the relay coils directly 
across the ac power lines, bypassing the power ON 
and OFF switches. The processor will be turned on 
as long as the line cord is plugged in and fuse Fl is 
good. If this mode of operation is employed with a 
processor equipped with the power failsafe circuits 
and the power fails, the processor will be restarted 
automatically when power is restored. 

4-748. Power Supply 

4-749. The 704 Processor power supply is a single 
chassis assembly which supplies all dc power for 
the cabinet at voltages of +S, +5, -5, +6, +12, and 
+24 volts. It uses saturable, constant-voltage trans- 
formers to maintain regulation for line fluctuations 
of ±10 percent or less. All supply outputs except 
the +6-volt output are shunt regulated for load 
variations. The saturable nature of the power 
supply transformers offers sufficient overload pro- 
tection in most cases. But in addition, the -5 and 
+6-volt supplies are further protected by self- 
resetting circuit breakers. 

4-750. DC power from the power supply is dis- 
tributed from power supply terminal boards TB2 
and TBS to the cabinet mother board and other 
active assemblies directly by inter-chassis cabling. 
The distribution of this power and the routing of 
ac control signals through the power supply are 
shown in drawing 5454S5. A complete schematic 
diagram and theory description of the power 
supply will be found in the power supply manu- 
facturer's manual that is shipped with the pro- 
cessor documentation. 



4-746. Pressing the OFF switch opens a normally- 
closed set of contacts that is in series with the Kl 
relay latching contacts. This breaks the circuit 
energizing the relay coils and allows them to open. 
Simultaneously, a second set of OFF switch 
contacts places a ground on the RESET- line, 



4-751. POWER FAILSAFE OPTION 

4-752. (Information is not available at this time.) 

4-753. AUTOMATIC BOOTSTRAP OPTION 

4-754. (Information is not available at this time.) 
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Section V 
MAINTENANCE 



5-1. GENERAL 

5-2. This section contains instructions for check- 
out, adjustment, troubleshooting, and repair of the 
704 Processor. Normally, diagnostic programs are 
used for system checkout that provide error 
printout and fault isolation information. These 
programs and instructions for their use are given in 
the 704 Sensor Diagnostic Manual. Instructions 
covered in this section are limited to manual 
troubleshooting, adjustments, and general repair 
procedures. 

5-3. Fault isolation of the diagnostic program is to 
the circuit card level. This is in keeping with the 
maintenance concept of replacing a faulty circuit 
card with a spare card on hand or obtained through 
your field service representative and sending the 
defective card back to the factory for repair. The 
repair of circuit cards by the user, particularly 
memory module cards, is not recommended, since 
many contain components selected to Raytheon 
specifications and there is a good chance of doing 
erreparable damage to the circuit foil during 
soldering operations. 

CAUTION 

Attempted unauthorized repairs during 
the warranty period do not constitute 
"ordinary use" and may void your war- 
ranty. Consult with the field service 
representative. 

5-4. SPECIAL TOOLS 

5-5. Special tools required for processor trouble- 
shooting and repair are Usted in table 5-1. Users 
intending to do card replacement level mainte- 



nance only will need only the special Card 
Extractor, Raytheon Computer Part No. 545219. 

5-6. TEST EQUIPMENT 

5-7. Test equipment recommended for full mainte- 
nance of the 704 Processor is listed in table 5-2. 
Other available equipment may be substituted, 
provided its performance characteristics (accuracy, 
rise time, sweep rate, etc) equal or exceed those of 
the equipment specified. Special probe adapters 
will be needed to connect the oscilloscope probes 
to the wire-wrap pigtails of the circuit card 
connectors. These adapters must be fabricated as 
shown in figure 5-1. 

Note 

To avoid excessive noise pickup, the lead 
lengths shown in figure 5-1 must not be 
exceeded. 

5-8. MAINTENANCE PROCEDURES 

5-9. Routine Maintenance 

5-10. Although most of the electromechanical 
peripheral devices in a 704 Processor System 
require periodic maintenance (cleaning, lubrica- 
tion, and adjustment; refer to their technical 
manuals for schedules and procedures), the pro- 
cessor itself does not. As long as it is operating 
properly, it should not be tampered with in any 
way. This does not mean that the exterior of the 
cabinet and the front panel cannot be wiped down 
occasionally to maintain good appearance. 

5-11. Whenever the processor is down and the 
cabinet is open for troubleshooting and repair. 
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Table 5-1. Special Tools 







Raytheon Computer 


Description 


Use 


Part No. 


704 Extractor-Extender Kit 


User maintenance 


545251 


(consists of the following 






items which may be ordered 






separately): 






— Card Extractor 


Circuit card removal 


545219 


— Extender Card 


In-system checkout of 
card circuits 


394596 


— Extender Cables 


In-system checkout of 


545237 


(2 reqd) 


card circuits 




— Pin Locator Mask 


Quick identification 
of card connector pins 


545459 


Wire- Wrap Tool; Gardner- 


Installation of card 


531311-101 


Denver Co., Quincy, 111; 


connector wiring 




model 14XA2 






Wire- Wrap Bit; Gardner- 


For use with Wire- 


531311-302 


Denver Co., Quincy, 111; 


Wrap tool 




part no. 507063 






Wire-Wrap Sleeve; Gardner- 


For use with Wire- 


531311-202 


Denver Co., Quincy, 111; 


Wrap tool 




part no. 500350 






Left-Hand Unwrapping Tool; 


Removal of card con- 


531311-401 


Gardner-Denver Co., Quincy, 


nector wiring 




111; part no. 505084 







check for heavy accumulations of dust inside that 
might restrict airflow or impair the dissipation of 
heat. In extreme cases, it may be necessary to 
remove all circuit cards so that their surfaces and 
the interior of the cabinet can be vacuumed out. 
Be very careful not to disturb the wiring, and 
replace the circuit cards back in their original 
locations. This type of thorough cleaning should 
not be required more than once or twice during the 
life of the instrument, under normal circumstances. 

5-12. Fault Isolation 

5-13. It is not possible to give a universal, step-by- 



step troubleshooting procedure that would be 
appropriate to all possible troubles. For example, it 
is considered good practice to check that all dc 
voltages are present and in tolerance (eliminate the 
power system as a source of trouble) if the trouble 
is broad and ill defined. One might be tempted to 
make it a general rule to always check the dc 
voltages as a first step, but this would be a waste of 
time if the trouble could be specifically defined as, 
say, bit 6 drops out every time a memory-read 
operation is performed. In short, nothing can take 
the place of common sense, a good understanding 
of how the machine works, and cumulative experi- 
ence. 
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Table 5-2. Test Equipment 



Equipment 



D C - 5 M H z Oscilloscope, 
Tektronix Type 547 

Dual-Trace Plug-In Unit, 
Tektronix Type 1A2 

DC-50MHZ lOX Voltage 
Probes, Tektronix Type 
P6010 (2 reqd) 

Oscilloscope probe adapters 
(Must be fabricated; see 
figure 5-1.) 

Integrated Circuit Test Clip, 
A P Inc. part no. 912050 (2 
reqd) 

Volt-Ohm-Milliammeter, 
Simpson Model 260 



Use 



Signal tracing, checking timing of clock and 
strobe pulses, waveform and signal level displays, 
etc. 

Allows display of two signals for comparison. 



Oscilloscope probe applicable to subminiature 
circuit testing. 



Adapt oscilloscope probe for connection to pins 
on wire- wrap connectors and IC test clip. 



Clip over IC module lugs for test lead 
connection. 



Ac and dc voltage measurements; wiring conti- 
nuity checks. 



D 



SOLDER 




SHRINKTUBING 



3 I 



I r ^ 



PROBE HOOK TIP 
(PART NO. 206-01 14-00 
TEKTRONIX, INC. 
BEAVERTON^ORE.) 



INSULATED 20 GA. STRANDED 
WIRE (APPROX. 4 IN. LG) 




5-INCH GROUND LEAD 
(PART NO. 175-0124-00 
TEKTRONIXJNC. 
BEAVERTON,ORE.) 



CONNECTOR, SOCKET 
(PART NO. 5700-46234 
BERG ELECTRONICSJNC: 
NEW CUMBERLAND, PA.) 
(RAYTHEON COMPUTER 
PART NO. 531211) 



SHRINKTUBING 




REMOVE THREADED 
FITTING AND INSTALL 
CONNECTOR 



Figure 5-1. Oscilloscope Probe Adapters 
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5-14. Efficient troubleshooting is a three-step 
operation: (1) define the trouble as minutely as 
possible from its operational symptoms so that the 
number of possible causes is reduced to a manage- 
able few; (2) figure out the possible causes of the 
trouble identified, and arrange them by degree of 
probability, most likely one first; and (3) eliminate 
each possible cause, one by one, until the trouble is 
found. 

5-15. Much valuable information can only come 
from the machine operator. Don't let him get away 
with merely reporting his own opinion of the 
trouble (e.g., the memory isn't working). Find out 
exactly what he was doing operationally when the 
failure occurred. At what point was the program? 
How did he know he had a problem? What did he 
do to try to correct the situation? It might even 
help in the diagnostic process to try to duplicate 
the conditions under which failure occurred or was 
first noticed, using the single-step or command 
mode to get more information. 

5-16. For those inexperienced in digital equipment 
troubleshooting, a few general assumptions are 
considered good practice. Where the possible 
source of trouble could be the equipment (hard- 
ware) or the program being run (software), con- 
sider the software to be the more probable cause 
and check it out first. If the faulty operation 
involves an electromechanical peripheral device and 
the trouble could be caused by the device, its 
controller, or by the processor, consider the device 
as being the most probable cause and the processor 
as the least probable cause. 

5-17. Normally, fault isolation by spares replace- 
ment is discouraged in most cases, particularly 
where there is a general inoperable condition that 
might suggest catastrophic failure of many circuits. 
In such a case, it is better to try to point to the 
defective card through the running of the diagnos- 
tic programs. Indiscrimate card replacement might 
cause the replacement to be overloaded by 
another, undetected defective circuit. 

5-18. There are two cases where the practice of 
"card swapping" is a most valuable troubleshooting 
technique. First, all four Arithmetic Cards in the 
processor are identical and may be interchanged 



without adverse effects. If a certain bit-oriented 
problem "follows" an Arithmetic Card that is 
"swapped" with another, some circuit on the card 
is defective. The same technique can be used to 
verify the failure of a Memory Module card in 
systems having more than 4096 words of memory. 
If the faulty location or locations in memory 
follow the card after swapping, the memory 
module is faulty rather than timing control, 
addressing, or memory data buffering circuits 
common to all. 

5-19. Diagnostic Routines 

5-20. General failures within the processor 
whereby the symptoms do not point to one or two 
easily checked possible causes, are usually more 
easily diagnosed by loading and running the 704 
Sensor Diagnostic programs. These diagnostics will 
isolate the fault to the circuit card level. A manual 
accompanies the program that contains a general 
description of system checkout and trouble- 
shooting procedures. It also includes instructions 
for performing Sensor bootstrap loading and proce- 
dures for running each diagnostic program. 

5-21. Oscilloscope Measurements 

5-22. When making oscilloscope measurements on 
printed circuit cards and connectors within the 
processor, special adapters listed in table 5-2 and 
shown in figure 5-1 must be fitted to the probes. 
All measurements must be made with respect to dc 
ground, not frame ground. The dc ground is 
completely isolated from the frame, and correct 
displays cannot be obtained by connecting the 
oscilloscope ground lead to the frame. The con- 
nection to dc ground may be made by connecting 
the probe ground lead to pin 7 of any logic 
element or to grounded pins (3, 4, 69, 70) on any 
circuit card connector. 

CAUTION 

After connecting ground lead to oscillo- 
scope probe, wrap insulating tape around 
probe body and ground lead clip so that 
no bare metal is exposed. This is neces- 
sary to ensure that signals or the dc 
power will not be shorted to ground 
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when the probe is laid against the wire- 
wrap pigtails. 

5-23. Extender Card and Cables 

5-24. A card extender and extender cables permit 
circuit cards within the processor to be operated in 
such a position that their logic elements are 
accessible to an oscilloscope probe. These items, 
listed in table 5-1, are required tools for those users 
who perform circuit card troubleshooting and 
repair. 

5-25. To extend a circuit card for testing access, 
proceed as follows: 

a. Halt processor and turn off power. Circuit cards 
should never be removed or installed with 
processor power turned on. 

b. Disconnect any wking harness plug or plugs 
connected to front edge of circuit card. 

c. Using special card extractor (part no. 545219) 
inserted into holes at front corners of circuit 
card, disconnect and remove card by pulling 
straight out. 

d. Insert card extender (part no. 394596) into 
vacated top and bottom guides so that front 
edge card connectors are on component (right- 
hand) side, shde in, and press into rear card 
connectors. 

e. Install circuit card to be tested onto extended 
card with component side to the right. Use 
extender cable (two are required for Sequence 
Counter card) to reconnect between the front 
panel interconnecting cable assembly and the 
circuit card front edge connector, if any. 

f. To reinstall circuit card after testing, turn off 
power, disconnect extender cables, remove cir- 
cuit card from card extender with an edgeways, 
up-and-down rocking motion to loosen from 
connectors, remove card extender separately 
with card extractor. Components must face to 
right when circuit card is reinstalled (card 
connectors will not align if card is put in 
backwards). 



5-26. Circuit Card Locations 

5-27. There are slot locations for 23 circuit cards 
within the 704 Processor cabinet. Pairs of printed 
circuit card connectors are installed in the first 17 
of these locations and wired for ten basic configu- 
ration circuit cards plus seven standard option 
circuit cards. The remaining six card locations are 
unassigned and can be used for priority interrupt 
expansion plus any other special logic cards that 
may be peculiar to the system. 

5-28. The circuit card slots are numbered from 1 
to 23, starting at the left-hand side of the cabinet 
when viewed from the front. These slot numbers 
identify the exact card locations for intercon- 
necting wire listing and can be seen screened on the 
rear guide rails when the rear panel is removed. 

5-29. Circuit cards are further identified as to type 
by a three- or four-letter mnemonic contraction 
that is appropriate to the main function of the 
card. The mnemonic code names for all standard 
circuit cards will be found in table 5-3. These are 
used to identify card locations by card type and 
are stacked immediately above the upper guide for 
each location. Table 5-3 also identifies the correct 
circuit card assigned to each slot. 

5-30. Card Connector Locations and Pin Numbers 

5-31. There are two 72-pin circuit card connec- 
tors, one above the other, at the rear of each card 
slot. These are named for the card slot number plus 
the letter A or B which identify them by location. 
The letter A designates a top connector and the 
letter B designates a bottom connector. Thus the 
circuit card connector named 09B in a wire list is 
the bottom connector for card slot 9. 

5-32. Circuit card connector pins are numbered 1 
to 72, left to right and top to bottom, starting at 
the upper left-hand pin (1) and ending at the lower 
right-hand pin (72). So when viewed from inside 
the cabinet, all left-hand side pins are odd num- 
bered (1, 3, 5, 7, etc.) and all right-hand side pins 
are even numbered. Naturally, the pins are reversed 
when viewed with the back panel removed from 
the wiring side. But pins 1 and 2 at the top and 
pins 71 and 72 at the bottom of each connector 
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Table 5-3. Circuit Card Location Chart 



Slot 



1 
2 
3 

4* 

5 

6 

7 

8 

9 
10 
11* 
12* 
13* 
14* 
15* 
16 
17* 
18t 
19t 
20t 
21t 
22t 
23t 



Card Type (CODE) 



Adder Flip-Flop Card (ADF) 

Sequence Counter Card (SCDC) 

Instruction Card (INR) 

Multiply-Divide Card (M/D) 

Arithmetic Card #1 (ARI; for bits 0-3) 

Arithmetic Card #2 (ARI; for bits 4-7) 

Arithmetic Card #3 (ARI; for bits 8 - 11) 

Arithmetic Card #4 (ARI; for bits 12 - 15) 

Memory Control Card (MEM) 

Memory Module (MAG; basic 4K) 

Memory Module 1 (MAG; to 8K) 

Memory Module 2 (MAG; to 12K) 

Memory Module 3 (MAG; to 16K) 

Direct Memory Access/Memory Parity Check (DMA) 

Priority Interrupt Card (INT; to 8 levels) 

Teletypewriter Controller Card (TTY) 

Power Failsafe /Automatic Bootstrap (PES) 



* Circuit card is optional standard and may not be installed, 
t Unassigned card location. Write in card name, when used. 



5-6 



are identified by circuit card etch. For even 
quicker and more positive pin identification than 
by counting, a pin locator mask, part no. 545459, 
can be sUpped over the wire-wrap pigtails. See table 
5-1 for details. 

5-33. Eight 44-pin circuit card connectors plug 
into the front edges of some of the circuit cards as 
part of the wiring harness that interconnects with 
the front panel controls and indicators. These are 
designated and stamped PI through P8. Connector 
PI plugs into the left-hand most circuit card in slot 
1, and the others are plugged-in in numerical order 
from left to right. Because of the wire length 
restrictions imposed by the wiring harness, it is not 
likely that these plugs will be accidentally connec- 
ted to the wrong circuit card. 

5-34. Logic Element Location and Type 
Designations 

5-35. Integrated circuit logic elements mounted on 
the circuit cards are assigned reference designations 
by their location on the board and an eight-by- 
eight coordinate system of columns and rows. 
Looking at the component side of a circuit card 
with the main connector edge to the right, rows are 
laid out from top to bottom and named 1 through 
8, in that order. Columns are laid out from right to 
left and are named A through H in the same order. 
A logic element identified by the designation 5B, 
for example, is to be found in row 5, column B of 
a particular circuit card which is identified either 
by its type or by its location. Not only is the logic 
element given this reference designation by loca- 
tion, but so are all of the curcuits within the 
element as well. To fully identify a particular 
circuit, such as a gate or a flip-flop, it is necessary 
to give the logic element reference designation plus 
one or more pin numbers for its particular input or 
output signals. 

5-36. Logic element type designations refer to 
functional and electrical circuit characteristics 
without regard to application or physical location. 
For example, a certain type of logic element 
containing four 2-input AND gates has the arbi- 
trary type designation of MOl. Naturally, all logic 
elements on the same or other circuit cards that 



have the designation MOl are identical to one 
another. These type designations also appear in the 
logic diagrams and can be used to find detailed 
logic element circuit information given in Section 
VL 

5-37. Logic elements are of the 14-pin, flat pack 
variety which are soldered in place, and conse- 
quently, not subject to replacement by the user 
normally. But it is still useful to know how the 
logic elements are keyed for proper orientation and 
how the pin numbers are assigned for purposes of 
signal tracing. Figure 5-2 provides this information. 

5-38. BASIC CHECKS AND ADJUSTMENTS 

5-39. The basic checks and adjustments described 
in the paragraphs to follow should be used only 
when needed; that is, they should be performed 
only if some problem indicates the need rather 
than on any scheduled or arbitrary basis. Some 
procedures include detailed instructions based on 
the use of test equipment specified in table 5-2. 
These will have to be adapted accordingly if 
equivalent test equipment is used. 

5-40. Power Supply Voltage Check 

5-41. Erratic operation of the processor can result 
from one or more of the dc power supply voltages 
being out of tolerance. This is not a common 
occurrence, but it is worthwhile to check out 
computer power whenever overall reliability 
becomes degraded (e.g., a rash of memory parity 
errors occur). Ac and dc voltage values should be 
measured while the processor is turned on and 
running using a VTVM or VOM with a sensitivity 
of at least 20,000 ohms per volt. Oscilloscope 
measurement of ripple is satisfactory, provided 
that the instrument has been recently calibrated. 

a. Remove four screws attaching rear panel to 
processor cabinet, and lay panel open on work 
bench. 

b. Turn on processor, and using sensitive volt- 
meter, check voltage of ac primary power 
across power supply terminal board TBI, termi- 
nals 2 and 4. On domestic instruments, voltage 
value should be between 103 and 127 volts rms. 
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Table 5-4. Power Supply Voltage Test Points 



ALL ELEMENTS USE: 

PIN 7 FOR DCGND 
PIN 14 FOR Vcc 



Figure 5-2. Logic Element 
Pin Number Assignments 



Note 

For a fully comprehensive test, processor 
should be connected to ac power 
through a variable autotransf ormer rated 
for at least 10 amperes so that power 
supply output voltages can be checked 
with input at both 103 volts and at 127 
volts rms. This is not essential, however. 

c. Load and run a looping test program that 
outputs to the teletypewriter set printer or 
paper tape punch. 

d. While processor is running under this opera- 
tional load, check power supply output voltages 
at the test points given in table 5-4. 



Halt processor and recheck power supply 
output voltages at test points given in table 5-4. 
All voltages should still be within limits given in 
table. 



Supply 
Output 


Test Points 


Voltage 
Limits 


Maximum 
Ripple (p-p) 


+ 


- 


+24V 


TB2-8 


TB3-3 


24 ±0.5 


250 mv 


+12V 


TB2-7 


TB3-3 


12 ±0.25 


150 mv 


+ 6V 


TB3-4 


TB3-3 


6+0.6 


750 mv 


+ 5V 


TB2-5 


TB3-3 


5 ±0.25 


50 mv 


+ 3V 


TB3-6 


TB3-3 


3+0.3 


50 mv 


- 5V 


TB3-3 


TB2-6 


5 ±0.1 


50 mv 



f . Turn off processor, replace power supply termi- 
nal board insulators, if removed, and close and 
secure rear panel. 

5-42. Clock Distribution Check 

5-43. Another possible source of intermittent 
troubles is an erratic clock driver. Usually, how- 
ever, a failure in the clock distribution system will 
result in a positive malfunction; that is, it would 
hardly be classified as intermittent. Also, it is 
seldom necessary to check out the entire clock 
generation and distribution system point by point. 
Table 5-5 is a list of all easily accessible clock 
signals. Ease of access is dependent upon placing 
the Memory Control Card (MEM in slot 09) on a 
card extender. 

5-44. Memory Cycle Timing Check 

5-45. Trouble-free operation of the memory 
modules is dependent upon certain timing signals 
and the operations they control occurring within 
rather narrow limits. Performance may become 
erratic because of component aging that throws 
circuit delay or rise times out of tolerance. Figure 
5-3 is a detailed timing diagram for a memory 
read-restore cycle, showing optimum timing rela- 
tionships between major signals and allowable 
tolerances. The timing for a memory clear-write 
cycle is similar but less stringent and need not be 
checked if read-restore timing is acceptable, unless 
a total failure of the write function has occurred. 
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Table 5-5. System Clock Test Points 





MEM Card 




MEM Card 


Signal 


Pin No. 


Signal 


Pin No. 


KEXTl- 


B53 


TIRCO 


B19 






TIRCO- 


B22 


KKA 


B55 






KKB 


B57 


TIRCl 


B20 


KKC 


B59 










T1RC2 


B31 


KKl 


B58 


TIRC2- 


B46 


KK2 


B56 






KK3 


B54 


TIRC3- 


B21 


MTO- 


A70 


T1RC4 


B17 


MT2- 


B09 


TIRC3- 


B18 


MT4- 


B62 










TIRCA 


B25 



5-46. Power Failsafe Option Adjustment 

5-47. (Information is not available at this time.) 

5-48. REPAIR PROCEDURES 

5-49. The removal and replacement of a defective 
circuit card is the approved method of repairing 
the 704 Processor. All attempts to isolate the 
faulty component on the card or to actually repair 
the circuit card are best left to the factory. Circuit 
card repair methods are not given here, and users 
insisting upon repairing their circuit cards do so at 
their own risk. Consult out local sales representative 
or field service office for additional information 
about repair policies and procedures. 

5-50. Card Removal and Replacement 

5-51. To remove and replace a circuit card: 

a. Disconnect any wiring harness connector 
attached to circuit card front edge with a 



careful edgewise rocking motion while pulling 
straight out on connector. 

b. Grip Card Extractor (545219) in one hand, and 
insert two pins on extractor arms into holes at 
top and bottom of circuit card front edge. 

c. Pull on-axis with a sHght up-and-down rocking 
motion edgewise to release circuit card from 
rear connectors. Once released, card is easily 
withdrawn. 

d. To reinstall circuit card, orient component side 
to your right as you face cabinet, insert card 
into proper top and bottom guide rails (see top 
guide for card type), and slide card into slot 
until it enters rear connectors. Card extractor is 
not needed for this operation. 

Note 

Rear connectors are offset slightly from 
card center so that card cannot be 
installed backwards (components facing 
left). 

e. Seat card into rear connectors by pressing 
evenly with both thumbs against top and 
bottom of circuit card front edge. Card is fully 
seated when its front edge is even with other 
cards. 

f . Replace wiring harness connector or connectors 
disconnected in step a. Harness lacing will 
prevent connector from being installed incor- 
rectly. To seat connector, use a slight rocking 
motion while pressing on. 

5-52. Wiring Standards and Methods 

5-53. With few exceptions connected with the 
power supply and front panel switches and indica- 
tors, all wiring connections in the processor are 
made by the wire-wrap method. A special single- 
conductor, wire- wrap wire is mechanically attached 
to a square post without solder by tightly wrapping 
the stripped wire around the post with a special 
wire-wrap gun. When repairing or modifying this 
wiring, observe the following: 
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NANOSECONDS 
Tref 100 200 300 400 500 600 700 800 900 1000 



H 1 \- 



H h 



MCFENi-(A36) 



968 ns min. 



3( 



0- 10 ns- 



3c: 



978 ns min. - 



X,YSOi;X,YDRi 



MCRW-(A7) 

36 nsmax.- 



X 



X 



Hi 



- 40 ns max. 



990 ns min. 



MCFRET-(All) 

21 - 32 ns 
X,YRSW;X,YRSK 



V 



14 ns max. 



/ 



-300 ± 11 ns- 



/ 



40 - 60 ns - 



MCDIii 



MCFINT-(A32) 



MCFWRT-(A9) 



X,YWSW; X,YWSK 



\ 



300 - 330 ns 



y 



421 ns max. 



\ 



421 - 432 ns 



/ 



439 - 461 ns 



-> 0ns 



\ f 



521 -532 ns 



289-311 ns- 



\ / 



550 - 570 ns 



M 300 -340 ns 



^ 



90% 



390 ± 10 ma lo^,^, 



X& Y CURRENT 



SASTi 



r^ 



no- 120 ns — »-| 



READ 
- 90- 110 ns 



-10% 



90- lie 



^90% 



WRITE X 420 ±10 ma 



ns — *- L — 



MCDOii 



— »- [-•—40 - 60 ns I 

fV 

y* 240 - 300 ns— *-] 



2.4 V min. 



Figure 5-3. Memory Module Timing Specification 
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a. Use only white, No. 30 AWG, Kynar insulated, 
wire-wrap wire (Type IX, Brand-Rex Division, 
Americal ENKA Corp., Willamantic, Conn, or 
equivalent; Raytheon Computer Spec. No. 
531176-309). 

b. Strip wire ends 1-1/8 in. Nicked, scraped, or 
bent wires will not wrap correctly and must not 
be used. 

c. When removing wire-wrap connections, use 
unwrapping tool specified in table 5-1. Do not 
reuse wires that have been unwrapped. 

d. Use wire-wrap gun, bit, and sleeve specified in 
table 5-1 to make wire-wrap connections. 
Excessive hand pressure on gun during opera- 
tion will prevent proper wrapping and must be 
avoided. 

e. Standards for acceptable wire-wrap connections 
are shown in figure 5-4. The completed wrap 
must include one-half to one turn of insulation 
around post at its start. There must be no 
breaks in insulation that exposes conductor 
between connections. Bare conductor must 
make a minimum of 6-1/2 turns around post, 
and end of wire must not be pulled away from 
wrap more than one-half turn. There must be no 
overlapping of turns, and space between turns 
must not exceed one-half of bare wire diameter. 

f . Route wires so than any tension on them tends 
to tighten wrap rather than to open or loosen 
it, as shown in figure 5-4. Wires should be 
dressed around the posts to form smooth 
curves. Sharp bends are not acceptable. 

5-54. Reading the Signal List 

5-55. The signal Ust is a computer-run document 
that presents information about signals entering 
and leaving the circuit cards — where the signals 
originate and where they are going. In other words, 
it gives interconnecting wiring between the circuit 
cards, as seen on the back of the mother board 
circuit card connectors. All connector pins carrying 
a signal of the same name are grouped together in 
the list, and these groups are arranged in alphanu- 
meric sequence by signal name. The signal name of 



each group is entered on the first line of group in 
the last column, under SIGNAL NAME. Other 
figures appearing in this column are cumulative 
wire lengths in inches, which can be ignored. 

5-56. Now to the matter of reading the list. When 
looking for the source and/or destinations of a 
signal, go to the group listing by signal name first. 
Each line entry represents one connector pin 
identified by the last five digits in the LOCATION 
column. (The first four digits, 1015, are the same 
for each entry throughout the list and stand for the 
mother board assembly of interwired connectors.) 
These last five digits indicate the slot location, 
connector, and pin, thus: 

05 B 53 




Slot No. 



Pin No. 



Connector 

( A = Top 

B = Bottom ) 



5-57. The example reference designation given 
above is for pin 53 of the bottom connector of 
circuit card slot 05. Another important bit of 
useful information that the signal list provides is 
which of the connector pins represents the source 
of the signal. The signal source is identified by the 
letter "S" entered immediately after its location 
reference designation. Each group has at least one 
line entry so designated. If more than one entry in 
any given group has the letter "S" in the S-column, 
it means that all are partial sources of the signal, 
that logic circuits on two or more circuit cards 
have their outputs interconnected as a wire-OR or 
wire- AND gate. All other lines without entries in 
the S-column are destinations, receiving the signal 
as inputs from the source. 

5-58. The signal list is also a handy reference 
document for determining which logic diagram 
contains the generating logic for a signal. A column 
labeled CKT gives the three-digit mnemonic code 
for the circuit card type located in the slot location 
represented by the line entry. It is but an easy 
matter to look at the CKT column entry of the 
signal source line to determine which logic diagram 
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4> 



COILS TIGHT 



INSULATION 
SNUG AROUND 
3 CORNERS 



^=^^ 



PREFERRED 
WIRE-WRAP 



4^ 




END FLUSH 



7 TURNS 




^=^^P 



ACCEPTABLE 
WIRE-WRAP 



END PULLED 
AWAY NOT MORE 
THAN 1/2 TURN 



COILS NOT MORE 
THAN 1/2 WIRE 
DIAM. APART 




HANDLE DOWN 
WIRE LEFT 



1 




HANDLE DOWN 
WIRE DOWN 



INCORRECT 
ROUTING 




HANDLE DOWN 
WIRE RIGHT 



HANDLE RIGHT 
WIRE DOWN 



CORRECT WIRE ROUTING 



Figure 5-4. Wire-Wraps and Wire Routing 
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to go to. For example, the signal source connector 
pin for signal ACLDAD is 03A31 (last line entry in 
group, designated the source in the S-column). The 
code INR is given in the CKT column for this line, 
indicating that the signal is generated on the 
Instruction card. 

5-59. One other bit of useful information provided 
to the maintenance technician by the signal hst is 
the layering of interconnecting wires. It will be 
noticed that a column named LI (for line in) 
appears to the left of the LOCATION column and 
that a column named LO (for line out) appears to 
the right of the S-column. The numbers 0, 1, and 2 
entered under these columns indicate which con- 
nector pins are directly connected to one another 
and at what wiring level. 

5-60. In using the wire-wrap technique, it is 
important that wiring be done in layers rather than 
in a top-to-bottom daisy-chain manner, as depicted 
in figure 5-5. The latter, unacceptable method does 
not allow a single wire to be replaced without 
replacing all or almost all of the wiring for the 
entire signal distribution, since rewrapping of an 
unwrapped wire is not permitted. The layer of 
wires next to the connector body in the acceptable 
method are called bottom-wrap wires and these are 
identified on the signal list by the number 1. Those 
farthest from the connector body are called top- 
wrap wires and are identified on the signal list by 
the number 2. The number in either the LI or the 
LO column indicates ''no connection" and identi- 
fies the end points of the signal distribution wiring 
chain. 

5-61. When the motherboard is wired semiauto- 
matically at the factory, all bottom-wrap wire 
connections are made first. For the typical signal 
group shown in figure 5-5, bottom-wrap wires have 
been indicated by heavy solid lines drawn between 
I's of adjacent line entries. So in the example, pin 
05B53 is connected to 06B53 and pin 07B53 is 
connected to 08B53 during bottom-v^ap wiring. 
After all of the bottom-wrap wires are in place, 
top-wrap wires are overlayed upon them. These are 
indicated by the heavy dashed lines drawn between 
2's of adjacent hne entries. Top-level wires connect 
pin 06B53 to 07B53 and pin 08B53 to pin 03A31, 
the source of signal ACLDAD. 



5-62. SYSTEM MODIFICATIONS 

5-63. Power On-Off Switch Override 

5-64. Some users prefer that an on-line system be 
protected from being shut dovm by any event 
short of a power failure, including operating front 
panel switches. To bypass the power ON and OFF 
switches on the front panel, proceed as follows: 

a. Disconnect processor power cable from wall 
outlet, and remove cabinet rear connector 
panel. 

b. Install a jumber wire (No. 16 AWG or larger) 
between terminals 8 and 9 of power supply 
terminal board TB5. 

c. Replace cabinet rear connector panel. Processor 
will now be turned on whenever power cable 
plug is plugged into wall outlet and turned off 
when plug is removed from^ wall outlet. 



Note 

Installation of the jumber wire merely 
bypasses the power ON and OFF switch- 
es in the Kl power relay control circuit. 
Processing can be interrupted if this 
relay fails. 

d. To restore the power control function to power 
ON and OFF switches at any time, merely 
disconnect power cable and remove terminal 
board TB5 jumper wire. 

5-65. TTY Address Assignment 

CAUTION 

For purposes of software standardiza- 
tion, the teletypewriter set controller has 
been assigned the address Eie (1110). 
Changing the TTY circuit card address 
jumpers to another address assignment 
will destroy TTY 700-Series System 
compatibility. 

5-66. For some unusual reason, the user may wish 
to change the address assigned to the TTY 
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LNTH NOTE 

0,5 
0,5 
0,5 
6.5 
8,0 



CKT 


EQUATION 


EQL 


ARi 


AR10 


580 


ARi 


AR14 


595 


ARI 


AR18 


585 


AR! 


ARM 


580 


!NR 


INR 


140 



EO 



LI 


LOCATION 


S LC 




-1 ^ 


1015 05B53_ 
"Tl}?5 06B5.1 


^ --2 


2-^ 


T0T5 07B53 


_— — ^-'1 


A-^ 


1015 08B53, 


^^-2 


2 "^ 


ldl5 03A31 


S 



VVT 



BOTTOM WRAPS — 



SOURCE — ^ 
TOP WRAPS 



^NSECl 


SIGNAL NAME 


001 


ACLDAD 


002 




003 




004 




005 


8,0/0,0 



CORRECT 

WIRE-WRAP 

SEQUENCE 



TOP WRAPS 






BOTTOM WRAPS 



-/^c 



INCORRECT 
WIRE-WRAP 
SEQUENCE 




Figure 5-5. Sequence of Wiring from Wire List 
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controller to something other than Eig. This can 
be done by changing four jumper wires on the face 
of the TTY circuit card. Proceed as follows: 

a. Turn off processor, open front panel access 
door, disconnect cable to front of TTY circuit 
card in slot location 16, and remove circuit 
card. Refer to paragraph 5-50 for correct way 
to remove circuit card. 

b. Locate logic element pad at location coordi- 
nates 7B. Using light-duty iron or unsoldering 



tool (7-1/2 watts or less) quickly unsolder and 
remove four jumper wires bridging pad. 

c. Insert four new jumper wires (insulated or 
sleeved No. 22 AWG) to select new address, 
according to appropriate jumper pattern given 
in table 5-6. Check orientation of adjacent logic 
elements to determine pin numbers. (Logic 
element 7A, pin 6, is connected to pin 1 of 
element pad 7B.) 

d. Solder jumper wires in place, using an 



Table 5-6. TTY Address Jumper Connections 



Device Address 






(0000) 


1 


(0001) 


2 


(0010) 


3 


(0011) 


4 


(0100) 


5 


(0101) 


6 


(0110) 


7 


(0111) 


8 


(1000) 


9 


(1001) 


A 


(1010) 


B 


(1011) 


C 


(1100) 


D 


(1101) 


E 


(1110) 


F 


(1111) 



7B Jumpers (PIN - PIN) 



8-9, 
8-9, 
8-9, 
8-9, 
8-9, 
8 - 9, 
8-9, 
8-9, 
6-9, 
6-9, 
6-9, 
6-9, 
6-9, 
6-9, 
6-9, 
6-9, 



5 - 


- 10, 


5 - 


- 10, 


5 - 


- 10, 


5 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 


5 - 


- 10, 


5 - 


- 10, 


5 - 


- 10, 


5 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 


4 - 


- 10, 



3 


— 11, 


3 


— 11, 


2 


— 11, 


2 


— 11, 


3 


— 11, 


3 


— 11, 


2 


— 11, 


2 


— 11, 


3 


— 11, 


3 


— 11, 


2 


— 11, 


2 


— 11, 


3 


— 11, 


3 


— 11, 


2 


— 11, 


2 


— 11^ 



12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 


12 


- 13 


1 


- 12 
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appropriate, light-duty soldering iron and 60/40 
resin-core solder (Kester 44 or equivalent). Clip 
off lead excesses, and reinstall TTY circuit card. 

5-67. TTY and Manual Interrupt Levels 

Note 

As standard practice, the TTY controller 
and optional manual interrupt are wired 
for priority interrupts at levels and 1, 
respectively. This assumes, of course, 
that the manual interrupt option will be 
used with processors with eight or more 
priority levels installed. 

5-68. It is possible that for some unusual applica- 
tion the user may wish the teletypewriter set 
controller or the manual interrupt option to 
interrupt at a higher priority level. To change 
interrupt priority level assignment, proceed as 
follows: 

a. Turn off processor, open front panel access 
door, disconnect cable to front of TTY circuit 
card in slot location 16, and remove circuit 
card. Refer to paragraph 5-50 for correct way 
to remove circuit card. 



c. If teletypewriter set controller interrupt level is 
to be changed, unsolder and remove jumper 
connected at one end to pin labeled A. Use 
light-duty iron or unsoldering tool (7-1/2 watts 
or less) for this work. Jumper connected at one 
end to pin labeled B should be unsoldered and 
removed, if manual interrupt priority level is to 
be changed. 

d. Insert new jumper wire (insulated or sleeved 
No. 22 AWG) between pin labeled A and pin 
whose number corresponds to new TTY con- 
troller interrupt level. Pin labeled B should be 
used to change manual interrupt priority level. 

Note 

Use pad 6A for assigning priority levels 
through 7 and pad 5A for levels 8 
through 15. Unlabeled pins are num- 
bered counterclockwise from labeled pin 
on pad 6 A and pin 8 on pad 5 A. 
Notice that pad 6A has two A pins and 
two B pins that may be used to assign 
more than one priority level to each 
device. 



b. Locate two circular pads at circuit card coordi- 
nates 5A and 6A on component side adjacent 
to connector B. On unmodified circuit card, 
there will be two short jumper wires bridging 
pins on 6 A pad. 



e. Solder jumper wires in place, using light-duty 
soldering iron and 60/40 resin-core solder 
(Kester 44 or equivalent). Clip off lead exces- 
ses, and reinstall TTY circuit card. 
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Section VI 
DRAWINGS 



6-1. GENERAL 

6-2. This section contains 704 Processor drawings 
of significant use to the maintenance technician. 
Logic diagrams of each printed circuit card, sche- 
matics of the I.e. logic elements and interconnec- 
ting cables, and a source-destination signal list for 
mother board assembly connector wiring will be 
found here. Drawings are arranged by type: logic 
diagrams first, schematics next, and the signal list 
last. Indexes for each drawing type will be found 
below. 

6-3. LOGIC DIAGRAMS 

6-4. Multiple sheet logic diagrams are provided for 
each circuit card type except the memory module 
circuit card (memory module is included with 
schematics). Four logic diagrams cover each appli- 
cation of the Arithmetic circuit card separately. 
Except for dual Priority Interrupt circuit cards in 
16-level machines, this is the only redundant usage 
of logic cards. 

6-5. In general, the logic symbols used on these 
diagrams follow those set out in MIL-STD-806 and 
are more thoroughly defined in the I.C. logic 
element schematics. Numbers adjacent to the 
inputs and outputs of a symbol are the logic 
element pin numbers. The logic element type and 
location are identified within the logic symbol, as 
shown in figure 6-1. 

6-6. The logic diagrams are ap^anged in drawing 
number order, as given in the index to logic 
diagrams. The page number given is that of the first 
sheet of each drawing. 

6-7. SCHEMATICS 

6-8. Schematics are included for the memory 



modules, the control panel circuit card, and the 
internal and external interconnecting cable assem- 
blies immediately following the circuit card logic 
diagrams. They are arranged numerically by draw- 
ing number, as shown in the index to schematics. 





I.C. LOGIC ELEMENT TYPE 




^^ 


9 


D62^^ 


10 


11 




^ 


LOCATION (CARD COORDINATES) 



Figure 6-1. Typical Logic Symbol 

6-9. INTEGRATED CIRCUIT DIAGRAMS 

6-10. Immediately following the schematics, a pair 
of drawings is provided for each type of LC. logic 
element used in the 704 Processor. Typically, these 
include the symbol used in the logic diagrams to 
represent the circuit and also £in equivalent circuit 
schematic. Truth tables are also provided where 
these have been considered informative. These 
diagrams are arranged alphanumerically by type 
reference designation, as indicated in the index to 
LC. logic element diagrams. 

6-11. SIGNAL LIST 

6-12. Pin-to-pin wiring between circuit card con- 
nectors on the mother board assembly are docu- 
mented by a signal list. Drawing No. 545222, 
included at the end of this section. This list is 
arranged alphabetically and numerically by signal 
name and aids in the identification of the source^ 
and destinations of all signals passing between 
circuit cards, by circuit card type, slot location, 
and connector pin number. Instructions for the in- 
terpretation of this list can be found in Section V. 
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INDEX TO LOGIC DIAGRAMS 



Drawing 

X394552 3-4 
X 394557 I A 
X 394562 94 
?< 394567 --fA 

394572 

394577 
X 394582 A^^ 
y 394587 ^(^ 4 

394592 
V 545497 J A 
X 545498 C 4 
>{ 545499 ^ ! 
X 545500 ^ A 

545541 



Card Name (CODE) Page 

Instruction Card (INR) . . l 6-4 ^ '^ 

Sequence Counter Card (SCDC) 6-15 u t, 

Memory Control Card (MEM) 6-28 ^ 

Adder Flip-Flop Card (ADF) 6-40 y a 

Multiply-Divide Card (M/D) 6-52 V * 

Direct Memory Access and Memory Parity Card (DMA) 6-62 (:: t/ 

Priority Interrupt Card for Levels 1—7 (PI) 6-77 

Teletypewriter Set Controller Card (TTY) 6-89 "^ 

Power Failsafe and Bootstrap Card (PFS) 6-101 }9 

Arithmetic Card for Bits — 3 (ARIO) 6-102 V 

Airhtmetic Card for Bits 4 — 7 (ARM) 6-113 ^ 

Arithmetic Card for Bits 8 — 11 (ARI8) 6-124 ^ 

Arithmetic Card for Bits 12 — 15 (ARIl) 6-135 ^ 

Priority Interrupt Card for Levels 8 — 15 6-147 



INDEX TO SCHEMATICS 

Drawing Assembly Name P^e 

278128 Teletypewriter Set Interconnect Cable 6-159 

279557 DMA Bus Interconnect Cable 6-160 

279558 DIG Bus Interconnect Cable 6-163 

279767 DIG Terminator Plug 6-165 

279768 DMA Terminator Plug 6-166 

394693 Memory Module Board Schematic 6-167 

394696 Memory Module Stack Wiring Diagram 6-177 

545013 DIG Connector Cable 6-178 

545030 DMA Connector Cable 6-180 

545172 Conlyol Panel Board Schematic 6-182 

545217 Control Panel Signal Harness 6-183 

545218 TTY Connector Cable 6-187 

545435 704 Cabinet Power Wiring Diagram 6-188 



INDEX TO I.e. LOGIC ELEMENT DIAGRAMS 



Reference 


Type 


D32 


MC832P 


D36 


MC836P 



Circuit Element Name (Spec. No.) Pj^e 

Dual 4-Input Buffer (531143-001) 6-189 

Hex Inverter (531274-001) . .6-189 
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INDEX TO I.e. LOGIC ELEMENT DIAGRAMS (Cont) 



Reference 


Type 


D37 


MC837P 


D44 


MC844P 


D46 


MC846P 


D48 


MC848P 


D55 


MC855P 


D58 


MC858P 


D62 


MC862P 


DEC 


SN7445N 


MOO 


MC3000 


MOl 


MC3001 


M02 


MC3002 


M03 


MC3003 


M04 


MC3004 


M05 


MC3005 


M06 


MC3006 


MOT 


MC3007 


MIO 


MC3010 


M12 


MC3012 


M15 


MC3015 


M25 


MC3025 


M26 


MC3026 


M27 


MC4082 


M51 


MC3051 


M60/ 


MC3060 


M60A 




M61 


MC3061 


M74 


MC4008 


TX2 


760-EL 




385010 


TX3 


760-EL 




385014 
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Circuit Element Name (Spec. No.) Page 

Hex Inverter (531531-001) 6-190 

Dual 4-Input Power Gate (531145-001) 6-190 

Quad 2-Input Gate (531147-001) 6-191 

Clocked RS Flip-Flop (531231-001) 6-192 

DualJK Flip-Flop (531535-001) 6-193 

Quad 2-Input Power Gate (531522-001) 6-194 

Triple 3-Input Gate (531148-001) 6-194 

BCD-to-Decimal Decoder (531703-001) 6-195 

Quad 2-Input NAND Gate (531593-006) 6-196 

Quad 2-Input AND Gate (531593-005) 6-196 

Quad 2-Input NOR Gate (531593-007) 6-197 

Quad 2-Input OR Gate (531593-008) . .6-197 

Quad 2-Input NAND Gate (531593-014) 6-198 

Triple 3-Input NAND Gate (531593-004) 6-198 

Triple 3-Input AND Gate (531594-001) 6-199 

Triple 3-Input NAND Gate (531593-015) 6-199 

Dual 4-Input NAND Gate (531593-002) 6-200 

Dual 4-Input NAND Gate (531593-016) 6-200 

Single 8-Input NAND Gate (531593-001) 6-201 

Dual 4-Input NAND Power Gate (531593-009) 6-201 

Dual 4-Input AND Power Gate (531593-012) 6-202 

2-Bit Full Adder (531595001) 6-203 

AND JK Flip-Flop (531593-013) 6-204 

Dual Type-D Flip-Flop (531593-018) 6-205 

DualJK Flip-Flop (531593-011) 6-206 

8-Bit Parity Tree (531594-001) 6-207 

Switch Terminator Resistors (531596-001) 6-208 

Long Line Terminator Resistors (531596-002) 6-208 

Memory Sense Amplifier (531702-001) 6-209 
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GLOSSARY 

ACC^^SPCO ACCUMULATOR REG/STEP BIT 06 ^HirT P/aHT C/PCi/LAP DOUBLE 

AC<t7SL ACCUMULATOR PETGISTER BIT 07 ^HIFT LEFT 

ACdaSR ACCUMULATOR REGISTER BIT 08 SHIFT RIGHT 

ACCLKENB4 ACCUMULATOR CLOCK CONTROL LOGIC INPUT 

ACCLKENBL ACCUMULATOR REGISTER LEFT BYTE CLOCK ENABLE 

ACCLKENBR ACCUMULATOR REGISTER RIGHT BYTE CLOCK ENABLE 

ACDSLOPT ACCUMULATOR REGISTER SHIFT LEFT CIRCULAR DOUBLE OPTION INPUT 

ACLDAD ACCUMULATOR REGISTER LOAD FROM ADDER 

ACL DAD 3 ACCUMULATOR REGISTER LOAD FROM THE ADDERR LOGIC INPUT 

ACLDA03A ACCUMULATOR REGISTER LOAD FROM THE ADDER LOGIC INPUT 

ACLDDI ACCUMULATOR REGISTER LOAD FROM DIO 

ACLDOR ACCUMULATOR REGISTER LOAD ADDER OR OUTPUT 

ACLDXOR ACCUMULATOR REGISTER LOAD ADDER EXCLUSIVE OR OUTPUT 

ACRXX ACCUMULATOR REGISTER BIT FOUR 

ACRXXS ACCUMULATOR REGISTER BIT AX SET INPUT 

ACSLENB ACCUMULATOR REGISTER SHIFT LEFT 

ACSLOPT ACCUMULATOR REGISTER SHIFT LEFT OPTION INPUT 

ACSRENB ACCUMULATOR REGISTER SHIFT RIGHT 

ACSROPT ACCUMULATOR REGISTER S//IFT RIGHT CIRCULAR DOUBLE OPTION INPUT 

ACSROPTl ACCUMULATOR REGISTER SHIFT RIGHT OPTION INPUT 

ADEN AC ADDER ENABLE FROM ACCUMULATOR REG/STER 

ADENACZ ADDER ENABLE FROM ACCUMULATOR LOG/C INPUT 

ADEA/ACC ADDER ENABLE FROM ACCUMULATOR REGISTER COMPLEMENT 

ADl-NACCOP ADDER ENABLE FROM ACCUMULATOR COMPLEA^E/ZT LOGIC INPUT 

ADENACRB ADDER ENABLE FROM ACCUMULATOR RIGHT BYTE 

ADENEXB ADDER ENABLE FROM EXTENSION REGISTER BYTE 

ADENEXW ADDER ENABLE FROM EXTENSION REGISTER WORD 

ADENIX ADDER ENABLE FROM INDEX REGISTER 

ADENLXZ ADDER ENABLE FROM THE INDEX REGISTER LOGIC INPUT 

ADENMBA ADDER ENABLE FROM MEMORY BUFFER REGISTER LOGIC INPUT 

ADENMBB ADDER ENABLE FROM MEMORY BUFFER BYTE 

ADENMBBC ADDER ENABLE FROM MEMORY BUFFER BYTE COMPLEMENT 

ADEHMBC ADDER ENABLE FROM MEMORY BUFFER COMPLEMENT 

ADENMBL ADDER ENABLE FROM MEMORY BUFFER LEFT BYTE 

ADENMBR ADDER ENABLE FROM MEMORY BUFFER RIGHT BYTE 

ADEN PC ADDER ENABLE FROM PROGRAM COUNTER 

ADENPCZ ADDER ENABLE FROM PROGRAM COUNTER L^GIC INPUT 

ADINCRY ADDER CARRY INPUT 

ADONES ZEROS ADDER BITS <pS AND 07 FOR DXS 

CCCMENDX COMMAND END LOGIC OUTPUT 

CCFBYTE CENTRAL CONTROL BYTE FLIP-FLOP 

CCFGLB CENTRAL CONTROL GLOBAL MODE FLIP-FLOP 

CPSWDIS DISPLAY MACHINE STATUS ENABLE 

DISPXX COAITROL PANEL DISPLAY BIT XX 

EXLDADt EXTENSION REGISTER LOAD FROM ADDER LOGIC ,HPUT 

EXLDPC EXTENSION REGISTER LOAD FROM PROGRAM COUNTER 

ICDC0 ITERATION COUNTER DECODE ZERO 

I//4SCS INSTRUCTION DECODE FOUR AND SEQUENCER STATE FIVE 

INSSCS INSTRUCTION DECODE FIVE AND SEQUENCER STATE FIVE 

TNDCDIO INSTRUCTION DECODE DIO 

INDCREAD INSTRUCTION DECODE READ CYCLE 

INDCSHIFT INSTRUCTION DECODE SHIFT 

INDGSKIP INSTRUCTION DECODE FOR SKIP 

INDCX INSTRUCTION DECODE X 

INDCXX INSTRUCTION DECODE XX 

IN OCX XX INSTRUCTION DECODE XXX 

INRX INSTRUCTION REGISTER BIT X 

IXLDAD3 INDEX REGISTER LOAD FROM ADDER LOGIC OUTPUT 

KKS GATE CLOCK OUTPUT FIVE 

MBRXX MEMORY BUFFER REGISTER BIT XY 

M RE SET MASTER RESET 

SCDCX SEQUENCER STATE X 

SCDCX CONTROL SEQUENCER STATE X 

Tl TIMING INTERVAL REGISTER BIT ONE 

TA- TIMING INTERVAL REGISTER BIT FOUR 

T4SCDCS TIMING INTERVAL REGISTER FOUR AND CONTROL SEQENCER STATE FIVE 

TBDCl TIMING INTERVAL REGISTER BIT B AND SEQUENCER STATE ONE 

TIRCX TIMING INTERVAL REGISTER BIT X 
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O^C 


S3IA^7-0O/ 


MOO 


S3IS93-00^ 


MO/ 


^3/S93-OOS 


MOZ 


S3/S93-007 


M03 


S3IS93-OOS 


M04 


S3/£93-0/'4 


MOS 


S3/S93-004 


MO<i> 


S3/S93-a/7 


M07 


S3/£93'<^/^ 


M/O 


£3/S93-OOa 


Me5^ 


^^/^93-009 


Af^<i> 


S3/£93-iy/^ 


M<2>0^ 


£3/£93'0/a 


rxj 


S3/S9C0'Oa2 



6-4 



UST OF MATERIALS OR PARTS LIST 



3. T/^E rOlLOiV/NG P/NS y4f?£ T/ED TO G/POOAJD 
OA/ "CCO/VA/ECT-O/^. C/ TH/?C/ C9 

2. JUMPERS; SHOWN BY SOLID LINES ARE THE MOST USED 
CONFIGURATION; SHOWN BY DASHED LINES ARE OPTIONS 

I. -» DENOTES FRONT PANEL CONNECTOR 
— > DENOTES I/O CONNECTOR 



NOTES: UNLESS OTHERWISE SPECIFIED 




I CKTREF I 



RAYTHEON COMPANY 



/A/5 TPL/C T/ON CARD 
( LOG/C D/AG/?A/^J 



49956 



S9455Z 



± 







SfGNAL LIST 






S/OA//IL 


LIST 




eg 




SIGNAL 


SOURCE 


CONN 


SHEET 


SIGNAL 


SOURCE CONN 


SHEET 


1 




AC00SRCD 


s 


BC 


A 


INDC00X- 


s 


BAS 


9 


CM 




AC(^1SL 


s 


AG3 


A 


IA/OC0// 


s 


AGZ 


lO 






AC0aSR 


s 


Al 


A 


INDC03- 


S 


AGS 


9 






ACCLKENBA- 




A3Z 


4 


INDC04 


s 


BS2 


lO 


L 




ACCLK£NBL 


s 


Asa 


A 


INDC<^S 


s, 


Bze, 


/O 






ACCLKETZ/BR 


s 


B36, 


4 


I/VDC07- 


s 


A3a 


9 






ACDSLOPT- 




A 39 


S 


INDC0B- 


s 


BSA 


9 






ACLDAD 


s 


A3I 


4 


INDC0aA 


s 


AS7 


10 






ACLDAD3- 




ASS 


A 


INDC03 


s 


AAA 


10 






ACL DA DBA- 




A70 


A 


INDC03- 


s 


B/O 


9 






AC LDDI 


s 


BCS 


4 


INDC0A- 


s 


B/7 


9 






ACLDOR 


s 


BA4 


A 


INDC0B- 


s 


BB 


9 






ACLDXOR 


-S 


BAO 


A 


INDC0C- 


s 


B33 


9 






ACR0<p- 




A3 


S 


INDC0F- 


s 


R^"^ 


9 






ACP0<pS 


s 


A2C 


S 


INDC/OP2 


s 


B29 


lO 






ACR01 




A/a 


s 


INDC2 - 


s 


B3I 


9 






ACRi^lS 


s 


A30 


s 


INDCAORB 


5 


B32 


ID 






ACR0a 




All 


s 


IN DC BYTE 


s 


BdA 


ID 






AC R (pas 


s 


A2B 


s 


INDCDIO 


s 


B3 


lO 






ACR/S 




A IS 


s 


INDCr 


s 


BGI 


/o 






ACR/SS 


-S 


AZ2) 


s 


IN DC OPT 


s 


BS 


9 






ACSLENB 


s 


ASZ 


4 


INDCREAD 


s 


BG7 


ID 






ACSLOPT- 




A SO 


A 


INDCSNIFT 


s 


BZO 


lO 






ACSRENB 


s 


A27 


A 


IN DC ST 


s 


BAB 


lO 






ACSROPT- 




B4 


A 


INDCXS/CIP 


s 


BIS 


S 






ACSROPTI- 




AAZ 


4 


INDCXX0- 




A 12 


s 






A DEN AC 


s 


BS3 


7 


INDCXXI- 




AS/ 


10 






A DEN AC Z- 




B9 


7 


INDCXXZ- 




ASS 


/o 






ADENACC 


s 


BA9 


7 


INOCXX3- 




AAI 


lO 






ADENACCOP- 




BS/ 


7 


INOCXXA - 




AGA 


s 






ADENACRB 


s 


BSS 


G 


I/VDCXXS- 




A 13 


s 






ADENEXB 


s 


B2S 


G 


I/VDCXXG- 




AS3 


A 






ADEN EX W 


s 


ASA 


G 


INDCXX 7- 




A4G 


lO 




-► 


ADENIX 


s 


B23 


G 


INDCXXB- 




A/A 


s 


^ 


ADEN IX 2 - 




Bll 


G 


INDCXX9- 




A4Q 


s 




ADEN MB A- 




A37 


G 


INDCXXA- 




AAS 


/o 






ADENMBB 


s 


343 


G 


INDCXXB - 




A/7 


s 






ADEA/MBBC 


s 


BSS 


G 


INDCXXC- 




AZO 


s 






ADENMBC 


s 


B2C 


7 


INDCXXD- 




AZS 


s 






ADENMBCZ- 




Bl 


7 


INDCXXE- 




AZ3 


s 






ADENMBC3- 


s 


B30 


7 


INDCXXF- 




A/G 


£ 






ADENMBL 


s 


A24 


G 


rN04SCI- 
IXLDAD3- 


s 
s 


BIS 
^<2> 


s 
s 






ADENMBR 


s 


A2I 


G 


IX/?00- 




y4^^ 


s 






A DEN PC 


J5 


AB 


7 


KK3 




B/9 


a 






A DEN PC Z- 




A3S 


7 


MBR0<^- 




BGB 


a 






A DIN CRY 


s 


B2I 


7 


MBR0/— 




BSD 


a 






A DIN CRY C- 




BM 


7 


A/tBR0Z- 




BA7 


s 






ADONES 


s 


B39 


7 


MBR03- 




BSA 


8 






CCCMENDA 


s 


AG/ 


IQ 


MBR04- 




BGZ 


G 






CCC MENDS 


s 


AGS 


/O 


MBR04B 


s 


B/2 


G 






CCFBYTE- 




BSG 


s 


MBR0S- 




AG7 


a 






CCFGLB 




BGO 


G 


MBR0G- 




Bsa 


8 






CPSWDSIN- 




CA 


B 


MBR07- 




BIB 


B 






DISP00- 


s 


CO 


8 


MBR0B- 




A/9 


4 






DISPpl- 


s 


CD 


a 


MBRI<f- 




AGB 


4 






DISP02- 


s 


CB 


8 


MffRII- 




AAS 


4 






DISP03- 


s 


CK 


e 


MPESET- 
SCDC/- 




BGG 

B37 


8 

S 






DI5P0A- 


_s 


CE 


a 














DISP0S- 


s 


CJ 


a 


SCDC3- 




B24 


s 






DISPC^G- 


s 


ON 


6 


SCDCA- 




A47 


4 






DISP01- 


s 


CF 


6 


SCDCS- 
SCDCl- 




B4Z 
AlO 


4 

7 






EXLDADI- 


s 


AGG 


s 


SCDCB- 




BZ7 


G 






EXLDPC 


s 


BAG 


s 


SCDCC 




BG3 


4 






ICDC0- 




A 33 


A 












"1 










TASCDCI 




A40 


4 




IA/4SCS 


s 


BS7 


IQ 












> 










TIRCI 




B/G 


a 




Ui 


INOC0 


s 


AS 


lO 


TIRC4 




A34 


4 




I 


IA/DC0- 


5 


Bsa 


9 


T/RC4- 




ASC 


A 






INDC0<p 


s 


B22 


lO 


T/RCA 




B4I 


G 




w 


lNDC0(f>l 


s 


A 43 


10 












m 


IN DC 003 


s 


AGO 


lO 


























caxtxHT m. 


aoE 




REV 




ro 


IN DC 00 G 


s 


A3G 


10 






49956 


D 


394552 


A 




SCALE A'O/V^ 


\^z 1 
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RAYTHEON COMKTEII I 



\ 



.5 



SCDCX 


COA/T^OL 


ACSLENB 


MBRXX 


AC00SRCD 




INDCX 




ACS LOP T 


ACSRENB 




ACSROPT 


AC07SL 


ACSROPTl 


AC0B5R 


ACLDAD3A 


ACL DAD 




T4SCDCS 




ICDC0 


ACLDDI 




T4 


ACL DOR 


ACRXX 


ACLDXOR 


AC P3 LOP 7 


ACCLKEfVBL 




CCFBVT 




ACLDAD3 


ACCLKENBR 




ACCLKENB4 


ACRXXS 







A DEN AC 2 


CO/^TROL. 

s^t: (i>, 7 


ADEN A C 


TBDCl 


ADENACC 


ADENACCOP 


ADEN A CRB 


CCFGLB 


ADEA/EXB 






INSSCS 


ADENEX)^ 






ADENIXZ 


ADENMBB 




ADENMBA 


ADENMBBC 




ADENMBC2 




ADENPCa 


ADENIX 




INDCXX 


ADENMBL 




SCDCX 


A DEN M BR 






CCrSYT 


ADENMBC 






IN4SCJS- 


A DONETS 


INPX 


ADENPC 


riRcx 


ADINCRY 







SCDCX 


y^DDRESS 
S^jrs 


EXLDADl 




EXLDPC 




INDCXSf<IP 


INDCXX 


IXLDAD3 







MBRXX 


/Nsr/?z/cr/ON 

/PES/STER 

DECO£>/A/e 
S/^r3,E,9jQ 


INDCXX 


MRESET 


INDCREAD 


Tl 


INDCDIO 


KKS 


INDCSHIFT 


C PS WD IS 


CCCMENPX 


I//DCXXX 


D/SPXX 







^LOC/< D/AG/PAM 



6-6 



CODE DENT NO. S 

49956 L 

SCALE NONE 



32iA53Z 



RAYTHEON COMPUTER P 







^^SZ 



^ 3<2> 



^Ai27 



^^C>3 



>^7 



SHT^ 



SHT'^' 



^ B4^ 



> S40 



S/VT^ 



B^3 > 



3HT4,S 



>^65- 



SHT4 



S/^7r4 
S/-/T4 
S/VT4 

SHT4 
S/-/T4 



ACLD/iOl- 



^CLDy4D:^- 



y4CLD/^D9- 




/ICLDy4D 



^^3/ 



y4CCL/<EA/B4- 



y4C/.Dy4n9- 



^CCL/<'£'A/SZ' 



y4^^0y4DS- 



^CCL /C^/V^ye, 



^ B3^ 



s/^r4 

SHT4 



y^CCL/<fEA/3/- 



y4CCL/<£A/a4- S 



^CLOAD3- 3 



^ 



4£ 



^^5S 



S//Z-4 




SHT4 
S//T/0 

s/yz4 
s/yr/o 




S/^T4 



A3Z> 



49956 



D 



.J9455Z 



SCALE Mr/V£- 



6-7 



RAYTHCON COMPUTER P 



^DD/?ESS CONTROL LOG/C 



I A/ 000^4 ' 



J-A/DC0S- 



3^/779 



S/VTS 



INDCXSKIP 



/^ 



W.9^ \ 3 J-XLDADB 



A^04\ // I XL DA D3 - 



S/-/T/0 



rascDCS /a 



J-A/DC9 



s/vr.^ • 



/(9 



SCDC/B 


/ 


IA/DC0- 


S 


lA/DC/- 


4 


lAJDCZ- 


Z 



& £'XLO^C 



SHT.S ■ 



-^ef6 ^^^,^fNDc<t0v- 



M 



-^ B/sr 



-> Xi<^ 



-^ A<2>^ 



P/O /NSTPUCT/ON DECODE LOG/C 






S^TS 



B37> 



B5<2, 



BZ4> 



^439 > 
^ZZ > 

A// > 



^/B> 



^/7> 



s//rs 



S/VTT/O 







S^r 4,(^,7 



5HTS,7B 



S^T^,7 



^ ^Z9 



^/^30 



>^^<^ 






S^T'4 



J/VDC^ 



/3 






AfOS\^ /Z y4C/?00S / - 
/C 



x^64> 



J-A^OCXX^- 



-Z 



-s»r/o^. 



jn 7Xt 



^ti^3\ // y4C/?^^SZ- 



/a 



x^zoy- 
xi/^> 



j-y^/DCXxc- 



AC/P07 






S^TS 



SCDC4B 



5\^ 



4fOS\3 ^C/?0(pS4 
/S 



i;i^2\_3 AC/?00S 
ZC 



A/Z > 



J-A/OCXX0- 



A/4 > 



lAfDCXXZ- 



lA/OCA^XS- 



s//r/o 



SCDC4B 



r> 



JTA/DC^A 









Af07^ <^ 
ZD 



-^AZ<^ 



6-8 



cone KNT NO. 

49956 



SCALE /MSIVf 



D J94551 









P/O /iDDER CONTROL LOG/C 

INDCJfS 






SHT/O- — L-Z^ 



SZ/TT/ 






SCDCS- 



TA/DCD- 



I/\/3SC3 



jny^ ) ^^^^ 



3CDCB- 



^OeA/B/B/- 



SHTS 



IA/5SCS 



ccrs/rs- 



IAMSC£_ 



cc/^'Byrs' 



SCDCB' 



X/^DC3- 



SSZ> 



5/vr9 




-4^ .^ cc.syrt7o -S°. 




^DEAVAC^.- 



A4BR04B 



^DB/VEXBZ. 



y4D£NEX^V/ 



-5HT7 



-> B/Z 

3^777 



-5^T^7 



-S^T<2> 






FBDCJ- 



I^DCB/TE 



•^^^K.^ /^D^^BXIVB 9 






3B 



^OEAJB/IV 



-^/i54 



B4/> 



riRCA 



5CDC/- 



u 



S^T7 



I 5^7:<i,7 



rBDCi- 



-S^r^,7 



S/¥TS 



s//rB 



S//Fr/o 

S/^T7 



B//> 



s//r9 



/f57> 

S/^T9 
3/^r9 




=^B23 






49956 



SCALE A«7/V£ 



3 /IDEA/A4BL. 



) 59455Z 



HATTMIOW COKPOTt* rO«l« •T-00«S 



6-9 



rx3 



/5'9>- 



Aor^^cz- 



u 



AD^yV^C3- 



^D/E^^C4- 



s/yr<:> 



y^D^^^C/- 



5^T^ 



/£ 



/2 



/O 



P/O /iODER CON T/PO/- L O G/C 



y^D^'A/^C 



-^S33 



rx5 

' /3 






JA/OC0 - 



/Pf/^/?04B 



y^DBA/IX^- 



^5-/>- 



^D^A/y^CCOX^- 



y^^^/V^CC<- 



^C-^A/ACC5- 



S^'7. (2: 



y^D^/^^CCI- 



3" 



y^n^/VACC 



-^B^9 



s/^7:<2 



TBDCJ 



.I/yDC00<i 



rBDC/ 



.j-z/L^CB/rE 




Aj£Z/\>--A^/ — ^ ,^ . 



S^TT^ 



^ ^DlNC/^y 




^&2/ 



3^777 



y4DEA.M3C 5- 

5HT7 



^ 32<^ 



^3^9 






^^S 



6-10 



^z/y^5c 



. cc/^^y^^ 



^7>- 



.-^D^'/VMBCZ - ^ 



49956 



. 394 55Z A 



/A/sr/^acr/ON /p^-^/ste/^ 



s<^s> 





// 




a 


TNf?(^ 


/<y//-yA 


9 




A^B/^'ZC/j- 


/2 


ZA//?0- 











-s/vzs 



/^/r-Z/V^ 



£50-^ 



M£R0/- 



B47 >: 



Mj9/?0^- 



S^'TS 



/<A'i/yA 



£S4y 



MB/?03 






A^/^IAJB 



MB^04~ 



s/^re 



/^/</^B 



^^7> 



MB/^05- 



s/^rs 



XMINB 



B3S^ 



MB/?0<2>- 



/^A^INB 



^/S'^ 



MB/P07- 



B^^ 



yff/?^S£T- 






M60A 
7H 



M<hOA 
7// 



/2 



1± 



/ff<iOA 






Af60/i 



-^3 



Vo 



1l 



M60A 

IF 



S/^r4A3,9 



S^TB 
■S/-/T9JO S^TS 



-y^TB 



INRI- 



-S^T9 



ZA//PZ 



-SHT8 



INR2- 



-s^r9,/o 



-SHTS 



/■/v/ps- 



INR'^ 



■5^r<s 



I/\IR4- 



s/^7:<s 



lA/RS 



TAfRS- 



3^773,9 



S^TB,9 



-S/yTTB 



J'A/R<2>- 



SAVT9 



-S^TS 



-SHT^ 



IAJR(^ 



DI5PIN 



^^rs 



IA/R<2> 



SHTB 



ShtS 



J-A/RZ 



5HTa 



7A//^4. 



SHTS 



SHTS 



lA/RI 



3HTB 



S/^rs 



CA >^ 



S/VT3 



S 



^ggy^ OISR00- 



4 DI5P0<2>- 



^>CC 



3 DJ'SP'0Z- 



-»^- 



-»r^ 



r.^S\^/ OI3P03- 
4H 



DSS^ // OI3P04.- 
3H- 



-»-/r 



^>r^ 



~^^^\ /O DI 5 P0 B- 



B DI5P07- 



-»r./ 



/O DJ'SR0/ 



^>CP 



-^>CD 



8/9 > 




^^^^^ B lA/R03EAJa- 



'7^^ ^ ^ J-NR00E/\/3- ^^^^ 



SHTS 



SHr:B 



SHT& 



SCDC/S 



-S/-/T3 



riRC/ 



/</<3 



fy 



^p . 



COK DENT NO. 

49956 



39455Z 



P/O /NST/?L/Cr/ON DECODE Z.O(9/C 



s/vra 



IN^0S£NB- 



/2 



MOZ>K^/^ T^f?0<^^^3 / 



S^rS 



J-A/Z^S 



3 lA/DCOPr/- 



-^s/^ra 



J-A/DC<^S- 



J-A/DCO/=>r 



->^^ 



S^TS 



T/\/DC00- 



rA/DC00X- 



-^345 



s/yre 



S/^TS' 



s/vra 



i^^a^ 


S 


/>v/?/- 


9 


^/V/?^- 


a 


IA/f?3- 


:5 



0£C 



/ /A/OC0- j^ 






^ i^Dc/- 



4 lA/DC^- 



/3 JA/DC4- 






S^TS 



/e /A/DCS'- 



// I^OC(2> - 



/O 2 A/ DC 7- 



-SHr7,/0 
-SHT/O 5HT3 





<& 


£G 


/ JA/OC00- 


^/AJ/?(^0EAja- 


Z J-A/DC^/- 




9 


3 IA/DC0Z- 




4 IA/DC03- 




^ 




/3IA/DC04-^ 


^/V/?<S- 






S 


/Z lAyDC0S- 


^/V/5'7- 


// J'A/OC0(2?- 






/O J-A/OC07- 




M 



5/^7r9, /o 
S^r4,7/0 

S/^TT/O 

SHT/O 

^y43a 

5 NT 7,/0 



S^TS 



S/^ra 



s^ra 



S/^ra 





<& 


n£C 
73 


/ iNDca- 


TA//P0- 


Z IAJDC9- 




9 


3 I Ay DC >^- 


y>v/?/- 






<^ 


4 INDCB- 




/3 INDCC- 




/^ INDCD- 


JA/RZ- 






3 


// lA/OCE- 


J-A^/P:?- 


/O lAJOCF- 









S//Z4,^,7^ 

S/^Z4 

S^7r4^ 



IA//?08EA/B- S' 



s^ra - 



SHT(2>p,/o s^ra 



TA//F7- 






/ IA/DC0^- 



2 1/VOC09- 



-^r^B54 
. L S/-/T7. 



3TA/DC0y^- 



T» 



B/a 



42^A/OC0B- 



/3J-A/OC0C- 



/£ IA/OC0D- 



-T^3/7 

}■ S/^TS 

-^B33 



// TAypc^B- 



/O TA/OC^j^- 



A/OT USED 
A^Or L/SED 



^33^ 



6-12 



COOe DENT NO. 

49956 



SOU.E A/OA/S 



S9455Z 



p/o //vsr/?ucr/ON decode log/c 









j^Dcyyy- 



-S/VT/O 



SCDC:5- 



^/VOCS- 




7^0CXX3 0/?7 



3" J^^OCG 



-^//7-<r<2, 



I^DC09 - 



S^T.9 



J^/VOC0^ - 



iAyoc<02- 



I^DC(0^- 



I/VDC00/ 



T/VOC003 




lA/DCSHlFT . 



-^ 3ZO 



tr 



^S3 



CCC/^^A/n^ 



-> -^ 



£'/y7:6 



I^DC^- 


2 




7^0C£'- 




A/06^ 


j'/v^^- 


/^ 


^^ 



"> 



/Z 7/VD C/?£^ D 



-> 3(2>7 



ZA/DC5- 



5HT9 ' 



4/05 






-^ 3^S 



IA/CC0/- 



J^/V^C0^ - 



j^/^DCV^V- 



J'/^OC-'J^S- 




CCC/Pf£A/D5' 
>^^5' 



swrs 



S^T9 



Sh'T9 



S^T9 

S/^T9 

S/^T9 



S/V7:9 



s/v7r9 



S/VT/O 



S/^T/O 



IADC0 



A/<:?3\^ Cs> J'A/£) C 7/5' 



SHT.^ 



s/vr/o 

S/-/T9 



^^9 > 



SHT/O 
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y^c^i:,^/^ y^CCiyA4£JL/^rO/^ Z.0/40 P~PaM ^DO^P OP 
y^r/ /; /o/? ^ccaA^^JL p rop z.O^D p'P'OM ^/:>oeP ^'XCL OS/ \/^ <D^ 
y^r'jcpjD/^ y^cccz/ifoi. y4rap z^/^^cr /p^s^r 
y^Cypy'x ^cc6yM^^.^rop /3/t xx 
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.4£^t:^Z^PC : Xtn/^^P* ^^/y,'^/:^.- ^^ -■/-? ^PP ZB'^O 
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Ar'Ar/P O^XBB BySrPyPf C/.OC/< 

/T/ew ^/VGPrBB) sysrB/i¥ ccoc/< 

A/XCLAfBAJ M£^MOPy yPBOB^SS /PB<P/S7-BB O^LOC/<: B-yVXB^-B 

yi^PLBXBl /ifBA^O/t?y Xinn/^BSS BBa/Sr^P ^OPO p-^OA4 y^/^OBB 

yt^PLOXr^^/? Af^MO/Py .P£:>a/?BSS BBS/SrBB ^Oy^B BB'OA^f y^BBBB 5P/P71EO /P/O^TOA/£ ^/T 

AfPl. DPC PfBAfOPy xfOOPBSS BB^/SrBP ^:<240 X-BO/lf BP>OGP>Xl4A CO^/^rB/? 

yi^y^B/HBL. XfBMOPy yy1£?BP>BSS P'BS/SrB/P B/B^CP /PBSBr iL BPP 

/P^y4PXX ytfBytyfCPB/ y4Z:>/DB^SS BBG/Srf'B B/r XX 

yi/P/PXXS Xf^A^OBX X^BBBSS /PBB/SXBB B/r XX BBr rBBPf 

yi/B/LjDy^B>^3 ytfByt^O/PX B^P/^BB ^Oy^B) BBO/Uf y^BBBB ^i^A^r ByXB 

/*fB/.aMC^.B MeMO/py b^/^/=-bp ^opo x-^i^y** ytf^AfOpy ^.£'x^r Byr^ 

yi/^/?/::»/p /t^BMo/py B^y^Ar^B BBG/srB/^ Bz/PBcr BBS^-r 

yf/B/PXX yf^B/UfOPy B^yBBBB BBG/SrBB B/r XX 

yt/^Bxxx yf^E^/^oBy BP rx //^PBr £/r XX 

AfCBOXX yi^BA^OPy By^Xy^ (D^yrx'/L/r B/r XX 

A^CBy/AiB /^fBytfOBy BPXX //V BA/X B^. £-B> BBO/I^ A/BMOBy B^/BPBB 

BC/L/DP/D BBOG/P^/*^ CO^y/vrB/P ^.OP£^ BBOA^ y^BBBB 

/^'C/^/D/P X'BOCj/Py^yif CO^yA/rSB B>//^BCr BBSBr 

x^cBxx /=>BC><SBP/^ ca/y//rBB BB<S/Sr£B B/r XX 

BCBXXDS BPOGPP/^ coty/^rBB B/r xx o/B^cr SBr 

P='^PBI XB/r/ZM^r/C C^BB> BA/USB/D AA/X'Br B^/^y. ^/B 
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^CC'LKE/VBR 

ACLDDI 
ACL DO/? 
^CL OX OR 

X!C/?XXS 

/^C/?^£/?OS 

/^CSL£A/B 

/^CSRENB 

j^DXiXX 

^DBXX 

XiOB^£/?OS 

y^OCXX 

XiD£N^C 

AD£NX1CC 

y^D£A//X 

X^D£A//^BB 

y^D£A/MBBC 

X^£)£A/M3C 

^DENMB/? 

X^D£A/PC 

X\DO/?XA' 

^OSL//)^XX 

^DXO/^XX 

B/^G/YD 

CC£GLB 

cpsyyos-xfc 
cpsyvnszx 

CPSiVPSMB 
CjOSJVXX 
D//VXX 
D/SP£A/jSXX 
D/SPXX 
DOTJCX 
JX'CL /<£NBR 
\ IXLOy^DP 
7XL£)PC 
IXP/S 
IJCPDR 
IXPXX 
IXPXXS 
7XSL 
IX SR 

KKA2 

/C/C/3 

MjaCLf<£N 

MAHLDy^D 

M^LDADSR 

AfALDPC 

M/\PDRL 

M>^PXX 

AiAPXXS 

MBLO^DPB 

A^BLDMCPB 

MBPDR 

MBRXX 

MCDTX^ 

MCOOXX 

MC£A/MB 

MP£S£T 

PCL Dj^D 

PCPDP 

PCPXX 

PC/PXXOS 

SC€>CB 



GLOSSARY 

XiCCUA/fUL^TO/P B/r 08 SP/Pr /^/(^/^r ^/^^^££' 

y^CCUMUL Xi TOR ^/<5Pr Byr£ CL OCk: £A/XiBL £' 

XiCCUAfL/^y^rOR LOPD PPOM TTV^T Xi£>0£P 

y^CCUMUL/irOP LOX^D PPOAf D/P£Cr /A/PUT Ol/rPL/F CA//!iA///£L 

/^CCUMULy^rOR LOXiD PPOM XiDD£P OP 

/iCCUMULATOP LO^D PPOM y4DD£P £XCLL/S/l/£- OP 

/XCCUMC/Z^rOP D/P£Cr R£S£T 

y^CCUMULATOP B/P XX- 

/^CCUMULXirOP B/T XX S£r T£PM 

AccuA^uLy^rop ^/T3 <^S'-//^^^ z^/eo 

^CCUA^UL/JTOP SP/PF L£Pr £A/XIBL£ 

XICCUMUL X\ TOP S/V/Pr P/GA/T £-/\/XJBL£ 

XIDD£RS'y4r^ X3 B/T^yT 

AnD£P (5/iT^ B B/T^X 

PDDBP SZ/M J&/TS (^- // ^>^£^ Z^^O 

X\DD£P Cx^PPV B/T XX 

^D£>£R £yVX]BL£D PPOM ACCUML/LXiTOP 

XIDD£R £/yy^Bl£D PPOM XiCCU/yfULXITOR CTO/i^P^^M^yVr 

y4DD£P £A/y4BL£D PPOM /ND£X P£G/ST£P 

XiDDPR ^A/yt^BZ-B Py^OM M£AfOPy BCyPP£P ISPT BVTB CO/ifPLBA^^A/X- 

^DD£P £Aj^B^£ PP^M MB/yfOPY BL/FPBP L£PT BVP COMPLBM^'VT 

ADD£P £NXIBl£ PPOM M£MOPy BUPPBR COA4PLBA^£-/l/7- 

^DD£P £/VXlBL£ PPOAf A/BMOP^ BUPPBP ^/SPT BYTB 

XiODBP £A/XiBl£D X??OM PPOG/?^Af COU/VTBP 

xin/D£P OP s/Txyr 

^DD£P SUM B/r A^jr 

xiDO£P £jrcz<ys/y£ OP B/r^jr 

B>4C/r PIXJ/V/T (SPOl/A/£> PDR U/VUSBD G/JTBS 

ar/vr/^^^ co/vt/^ol. pz./p p^op giosxj/^ /^od£ 

CO A/ T POL PXI/VBL SPV/TC// D/SPLAV ACCL/MaLATOP 

CONTPOL PANBL Si/V/TC/-/ D/SPLAV /A/DBX P£6/ST£P 

COA/TROL PAA/6L StV/TCP D/SPL^y Af£AfOP/ Bt/PP£R 

CO^/TPOL PXiNBL DAT:^^ Si/I// TCP B/T ^^ 

D/PBCT /A/PUT OPAA/A/BZ. B/T^X 

COA/TPOL P/JA/£^. DXiTXl ^f^/-rCA/ ^/T XTX^ /A/i/S'/ar^a 

COA/TPOL. PAA/BL D/SPLjaV B/T XX 

D/PBCT OOTPC/T C/y^A//yBZ B/ P ^^fC 

//VBBX PBG/STPP CLOCK BA/ABLB P/GPT 

/PO£X P£G/STBP /.OAD PPOAf y^nB>BP P/GA/T BYTP- 

/A/D£X /PBG/STBP LOXi£> PPOA4 PPOGPAA/f COUA/PB/? 

fND£X PBG/ST£/i B/T /S 

/A/DBX PBG/STBP D/PIBCT P£SBT 

/A/DBX P£G/ST£P B/T XJ( 

INDPX P£G/ST£P B/T XX S£T T£/2Af 

/ND£X P£G/ST£P SP/PT L£PT 

/PD£X P£G/ST£P SP/PT P/GPT 

UA/G/^TBD SyST£/)4 CLOCK 

GATBD SYSTBAf OLOC/C 

/\/f£A^OPy ^DDPBSS P£G/ST£P CA<OCA^ jBAY-^J^Z.^ 

A/£/^OPY ADDRESS PBG/STBP LOXJD PPOPf ^^BiDBP 

/^£A/tOPy /^ODPBSS PBG/STBP LOXID fPO/\4 >4DD£P SP/PT£Z> P/GPT OA/£ B/T 

/^£/lfOPY ^aOPBSS PBG/STBP LOAD PPOM PPOGPXI/Y/ COL/A/TByP 

M£A/rOPY X\DDR£SS P£G/ST£P D/PBCT PBSBT LBPT 

M£MOPy AOnPESS R£G/ST£R B/T XX 

/W£MORY XkDDRBSS R£G/ST£R B/T XX S£T 7£PAf 

A4£A/rOPy BUPPBP LOXiO P/?0/Y/ XiDDBP P/^PT BYTB 

MBAfOPY BUPPBP LOXID PPOM A4BMOPY P/GPT BY PS 

MBMOPY BUPPPP PBG/STBP D/PBCT PBSBT 

M£MOPV BL/PP£R PPG/STBR B/T XX 

MBMOPY Dy^TA /A/PL/T B/P A^Jf 

A/f£MOPY OyZiTA OL/TPL/T B/T JCX 

A4£MOPy DAT>4 /A/ £A/>4BL£D PPO/^ /i^B/^DPY SL/PPBP 

Mj4ST£P P£S£T 

PROGRAM COUA/TPP LO^^D PPOM .^DDBP 

PPOGPXiM COL//VT£P D/P£CT PBS£T 

PPOG/?AiM COUA/T£P PBG/STBP 3/T Xy>C 

PPOGPAM COU/VTPP B/T XX D/PBCT SBT 
X^P/r//M£T/C G^PD UA/L/SBD //VPLP^ PL/LL UP 
SBOaBA/CBP DBCODB STATB B 
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3. TPB P<:>LLOfYM^^ P/A/S APP T/£/^ TO ^Pa//A/Z? 
OA/ B'* B^A/A/B'CT^/? , B./ TPPZy CZ2 

2. JUMPERS; SHOWN BY SOLID LINES ARE THE MOST USED 
CONFIGURATION: SHOWN BY DASHED LINES ARE OPTIONS 

I. -» DENOTES FRONT PANEL CONNECTOR 
— > DENOTES I/O CONNECTOR 

NOTES: UNLESS OTHERWISE SPECIFIED 
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GLOSSARY 

ACCL /<eA/a/? ACCUMULATOR P/G/^T B/TE CI OC/<f E/V,^BLS 

kCLDAD ACCUMULA TOR LOAD PROM TNB ADDER 

ACLDDI ftCCUMULf^TORLOAD FROM DIRECT INPUT OUTPUT d-iANMBL 

ACL DOR ACCUMULATOR LOAD FROM ADDER OR 

ACLDXOR ACCUMULATOR LOAD FROM ADDER £/CLUSI\/e OR 

ACRDR ACCUMULATOR D/RECT RESET 

ACRXX. ACCUMULATOR BIT yx 

ACRyxS ACCUMULATOR BIT XK SET TERM 

ACRiERO/Z ACCUMULATOR B/T IZ-/5 /iRE ZERO 

AC5LEK/3 ACCUMULATOR ^IFT LEFT EMABiE 

ACSREMB ACCUMULATOR SLIlFT RIGNT 9NA3Lt 

ADA/X ADDER G/^TE y^ B/T XX 

ADBXX ADDBR G/^TE ff S/T XX 

AD&ZEROIZ ADDBR S^M B/TS /Z-/S ^/PE ZEXPO 

AOCXX ADDER CARRY BIT /X 

ADEA/AC ADDER BKIA&LED FROM ACCUMULATOR 

ADEMACC ADDER Bf^ABAED FROM ACCUMULATOR COMPLEMENT 

ADENIX ADDER EMABLED FROM /AJDEX REGISTER 

ADENMBB ADDER ENABLE FROM MBMORV BUFFER REGISTER 

ADEUMBB Z ADDER ENABLE FROM MEMORY BUFFER REGISTER BYTE COMPLEMENT 

ADENMBC ADDER ENABLE FROM MEMORY BUFFER COMPLEME/VT 

fiDENNlBR ADDER ENABLE FROM MEMORY BUFFER f?/GHT B/TE 

ADEMPC ADDER ENABLED FROM PROGRAM COUNTER 

/^DJNCf?/ y^nOER Cy4Rfi?/ //VfUT 

,4 DOR XX y^OaEf? O/^ B/T XX 

/^DSL/MXX y4DDER SL/M B/T XX 

ADXORXX ADDER EXCLU3H/E ORBIT XX 

BPGND BACKPLANE GROUK/D PER UNUSED QATE 

CPSWDSAC COKJTROL PANEL 3[AI ITCH DISPLAY ACCUMULATOR 

CPSWDSIX CONTROL PANEL SWITCH D/3R.AV IfjDEX REGISTER 

CPS WPSMB CONTROL PANEL 3WITQN DISPLAY MEMORY BUFFER 

CPSiA/XX CONTROL PANEL DATA SWITCLI BIT XX 

D/NXX DIRECT IMPUT CNANNEL BIT XX 

DISPENBXX CONTROL PANEL DATA SINITCLI BIT XX INSERTED 

DI2PXX CON TROL PAN EL D/SPLA Y BIT XX 

DOTXX DIRECT OUTPUT CLIANNEL BIT XX 

IX CL KENBR INDE Y REGISTER CL OCK ENABLE RIGH T 

JXLDADR INDEX REGISTER LOAD FROM ADDER RIGHT BYTE 

IXLDPC INDEX REGISTER LOAD FROM PROGRAM COUNTER 

IXRDR INDEX REGISTER DIRECT RESET 

IXRXX INDEX REGISTER BIT XX 

IXPXXS INDEX REGISTER BIT XX SET TERM 

IX3L INDEX REGISTER SHIFT LEFT 

IXSLZRO 2ER0S IXRIS ON SLIlFT LEPT DOUBLE 

JX3R INDEX REGISTER SHIFT RIGHT 
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KK2 GATED SYSTEM CLOCK 

/('/CB UNGATED SYSTEM CLOCK 

MACLKEN MEMORY ADDRESS REGISTER CLOCK ENABLE 

MALDAD MEMORY ADDRESS REGISTER LOAD FROM ADDER 

MALDADSR MEMORY ADDRESS REGISTER LOAD FROM ADDER SHIFTED RIGHT ONE BIT 

MALDPC MEMORY ADDRESS REGISTER LOAD FROM PROGRAM COUNTER 

MIARXX MEMORY ADDRESS REGISTER BIT XX 

MARXXS MEMORY ADDRESS REGISTER BIT XX SET TERM 

MBLDADRB MEMORY BUFFER LOAD FROM ADDER RIGHT BYTE 

MBL DMCRB MEMORY BUPRER LOAD FROM MEMORY RIGHT BYTe 

MBRDR MEMORY BUFFER REGISTER DIRECT RESET 

MBRXX MEMORY BUFFER REGISTER BIT Xy. 

MCDIXX MEMORY DA TA INPUT BIT XX 

MCDOXX MEMORY DATA OUTPUT BIT XX 

MCENMB MEMORY DATA IN ENABLED FROM MEMORY BUFFER 

MRESET MASTER RESET 

PCL DAD PROGRAM COUNTER LOAD FROM ADDER 

PCRDR PROGRAM COUNTER DIRECT RESET 

PCRXX PROGRAM COUN TER REGISTER BITX X 

PCRXXDS PROGRAM COUNTER BIT XX DIRECT SET 



3. THE FOLLO^/NG A^/NS y4RE T/ED TO GROL/A/D 
OYY V COA//YECTOR. C/ THRU C22 

Z. JUMPERS; SHOWN BY SOLID LINES ARE THE MOST USED 
CONFIGURATION; SHOWN BY DASHED LINES ARE OPTIONS 

I. -» DENOTES FRONT PANEL CONNECTOR 
— » DENOTES I/O CONNECTOR 
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CONNECTORS PI AND P2 ARE ELCO 
00^16-02(M)00-703 WITH 60-8017-0313 
CONTACTS (RAYTHEON COMPUTER SPEC 
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NOTE: 

Connectors PI are EIco 00-8016-120-000-703 
with 60-8017-0313 contacts (Raytheon Computer 
Spec. No. 530724-006 and 530028-001). 
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Connectors Plane EIco 00-8016-090-000-703 
with 60-8017-0313 contacts (Raytheon Computer 
Spec. No. 530724-005 and 530028-001). 
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1. ALL RESISTORS ARE 120-OHM. 1/4 W. 

2. CONNECTOR PI IS ELCO 00^16-090-000-703 WITH 60-8017-0313 CONTACTS. (RAYTHEON COMPUTER 
SPEC NO. 530724-005 AND 530028-001. 
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NOTES: 

1. ALL RESISTORS ARE 120-OHM. 1/4 W 

2 CONNECTOR PI IS ELCO 00^16.120-000.703 WITH 60.8017.0313 CONTACTS 
(RAYTHEON COMPUTER SPEC NO. 530724.006 AND 530028^1). 
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NOTES: 

1. CONNECTORS PI AND P2 ARE 
AMP INC. 2-85928-8 (RAYTHEON 
COMPUTER SPEC NO. 531718-001). 

2. CONNECTOR P3 IS ELCO 00-8016-090- 
000-707 WITH 60-8017-0313 CONTACTS 
(RAYTHEON COMPUTER SPEC NOS. 
530501-014 AND 530028-001). 
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2VH36/1JN5 (RAYTHEON COMPUTER SPEC NO. 
531714-002). 

2. CONNECTOR P3 IS ELCO 00-8016-120-000-707 WITH 
60-8017-0313 CONTACTS (RAYTHEON COMPUTER 
SPEC NOS. 530501-006 AND 530028-001). 
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1. CONNECTORS PI THRU P8 ARE AMP INC. 
480142-3 WITH 42702-3 STRIP CONTACTS 
AND 66084-3 DUMMY CONTACTS (RAYTHEON 
COMPUTER SPEC NOS. 531715-001, -002, -003). 

2. CONNECTORS P9 THRU P16 ARE VIKING 
INDUSTRIES 2VH22/1JN5 (RAYTHEON 
COMPUTER SPEC NO. 531714-001). 
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NOTES: 

1 CONNECTOR PI IS AMP INC. 480142-3 WITH 
42702-3 CONTACTS (RAYTHEON COMPUTER 
SPEC NOS. 531715-001 AND -002). 

2 CONNECTOR P2 IS ELCO 00-8016-020-000-707 
WITH 60-8017-0313 CONTACTS (RAYTHEON 
COMPUTER SPEC NOS. 530501-013 AND 530028-001). 
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nn< ACLDOR 



002 
003 
004 



005 



2,5/ 0.0 



1.0 
0.5 
0.5 



0.5 
2.5 



0.0 



0.0 



6.5 



8.5 



INR 
AR! 
AR! 



INR 

ARIO 

ARI4 



ARI 
ARI 



ARI8 
ARU 



Rrs prs 



prt Rfs 



MEM 
AAL 



HEM 
ARIO 



ADf Aor 



525 
585 

600 



590 
585 



270 



280 



060 
125 



665 





1 

A. 



1 
2 



1015 03B40 
1015 05854 
<fll5 B6B54 



1015 07854 
1015 08854 



1015 17A06 



$ 1 
2 

1. 



1015 09A15 
^Bl5 B584I 



2 





1015 17A05 



1 
_l_2_ 



2 1015 01868 



001 
002 
003 



004 
005 



001 
Bflg 



003 



ACLDXCR 



2.5/ 0,0' 



001 ACPWRA 



001 ACRWRB 



A6R00 



8,5/ 0,0 



2.0 
6.5 

2tlL 



11.0 



ADf 
ARI 

INR 



"Air~ 

ARIO 
INR 



MEM MBM 



655 

515 

030 



050 




1 
2 



1015 01866 
1015 05840 
1015 03A09 



1 1015 09A1S 



1 
9 2 

L 



001 
002 
003 



ACROO- 



004 U.O/ 0,0 



1.3 
7,1 



INR 
ARI 

M*D 



INR 

ARIO 

M-D 



535 

350 




1 
2 



1015 03A26 
1015 05844 
1015 04866 



S 1 
S 2 

9 



001 
002 
003 



A0R008 
7;i/ 0.0 



0.5 



1.3 
1.8 



0.0 



0.0 



0.0 



ARI ARIO 



M«D 

Aor 



H«0 
ADF 



ARI ARIO 



ARI ARIO 



ARI ARIO 



565 



150 
595 



555 



610 



640 



1015 05850 S 1 



1 
2 



1015 04854 
1015 01854 



2 





1015 05848 $ 



1015 05859 8 



1015 05865 S 



001 ACROl 



002 
003 



1.8/ 0.0 



001 ACROlt 



001 ACR02 



001 4CR03 
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c lnth 


NflTB CKT 


eouatiom 


IQL 89 


LI 


LflCATIBM 


s 


Lfl wT 


ysiQ 


VlQNAL NAM! 


1.3 


ARI 


ARM 


559 





1015 


06B49 




1 


001 


ACROS* 


1.3 


ARt 


ARIO 


690 


1 


1019 


05867 


8 





008 


1.3/ 0.0 


0.0 


ARI 


ARIO 


629 





1019 


09B62 


S 





001 


A0R03S 


0.0 


ARI 


ARM 


940 





1019 


06B4I 


S 





001 


ACR04 


1.3 
1.3 


ARI 
ARI 


ARIO 
ARM 


649 

930 




1 


1019 
1019 


09B66 
06B40 


S 


1 




001 
002 


ACR04> 
1.3/ 0.0 


0.0 


ARI 


ARM 


950 





1019 


06B44 


S 





001 


ACR04& 


0.0 


ARI 


ARM 


9S0 





1019 


06B50 


S 





001 


ACR09 


0.0 


ARI 


ARM 


970 





1019 


06B4B 


s 





001 


ACR09S 


0.0 


ARI 


ARM 


629 





1019 


06B99 


8 





001 


A0R06 


7,5 
7i5 


INR 
ARI 


INR 
ARM 


075 
655 




1 


1019 
1019 


03A1S 
06B69 


8 


1 




001 
002 


ACR07 
7,5/ 0.0 



1.3 



1,3 



ARI ARM 



ARI ARM 



945 



1015 (J7B45 



665 



1 1015 06B67 8 



001 APR07. 



002 1,3/ 0,0 



7,5 
7,5 


ARI 

INR 


ARM 
INR 


640 
135 



1 


1019 
1019 


06B62 

03A30 


8 1 
8 


001 
002 


AeR07S 
7,5/ 0,0 


3,5 

3,0 


ARI 
ARI 


ARM 
ARID 


990 
325 




1 


1019 
1019 


07B48 
05A68 


8 1 

2 


001 
002 


ACR06 


6,5 


INR 


INR 


040 


2 


1019 


03Ali 





003 


6V5/ 0,0 


1,9 
1,3 


ARI 
ARI 


ARM 
ARM 


660 
920 



1 


1019 
1015 


06866 
07B40 


1 
8 


601 
002 


ACROl* 
1,3/ 0,0 


6,5 
6.5 


ARI 
INR 


ARM 

INR 


940 
129 




1 


1015 
JJl5 


07B44 
03A28 


8 1 
8 


001 
002 


ACROSS 
6.5/ 0.0 
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C LNTM Nn- 
2.0 


re CUT 

ARI 


BMUATIOW 

ARID 
ARII 


1 »WU V9 

415 

570 


\m^ 




UWUW 1 irani 

tnts nSRSn 


1 


1 ft <plg<l» 

001 


ACR09 


ft-l-U 

2iO 


AR! 


1 


1015 07150 


8 


002 


2.0/ 0.0 


OiO 


ARI 


ARIS 


560 





1015 07148 


S 


001 


ACR09S 


2iO 
2.0 


ARI 
ARI 


ARIO 
ARII 


430 
*15 




1 


1015 05823 
1015 07159 


1 
S 


001 
002 


ACRIO 
2.0/ 0,0 


2iO 
2.0 

li3 


ARI 
ARI 

ARI 


ARIO 
ARI8 

ARII 


495 
645 

540 
655 




1 



1 


1015 05B36 
1015 07869 

1015 08849 


1 

S 

1 


001 
002 

oai_ 


ACRll 
?;0/ 0,0 

A5R11- _ .- 


li3 


ARI 


ARIS 


1015 07867 


S 


002 


1.3/ 0,0 


OiO 


ARI 


ARIS 


630 





1019 07862 


S 


001 


ACRllS 


3i5 
3,5 


ARI 
ARI 


ARM 
ARU 


330 
525 




1 


1019 06A66 
1019 08842 


1 

8 


001 
002 


ACR12 
3.5/ 0.0 


1.3 
1.3 


ARI 
ARI 


AR|S 
ARII 


650 
515 




1 




1019 07866 
1019 08840 

1019 08844 


1 
8 

8 

1 


001 
002 

001 

001 


ACR18- 
1,3/ 0,0 


OiO 


ARI 

ARI 

ARI 


ARU 


935 


ACR128 


2.0 
2.0 


ARI* 
ARU 


430 
565 




1 


1019 06620 


ACR13 


1019 08890 


S 


002 


2,0/ 0.0 


0.0 


ARI 


ARU 


555 





1019 09848 


8 


001 


ACR1S8 


2iO 
2.0 


ARI 
ARI 


AR]4 
ARU 


445 

610 




1 


1019 06823 
1019 08899 


1 
S 


001 
002 


ACR14 
2,0/ 0.0 


2.9 
3.5 


INR 
M-D 


INR 
M-D 


060 
100 




1 


1019 03A19 
1019 04A61 


1 

2 

1 

S 


001 

. 002 

003 

004 


ACR15 


2.0 
8.0 


ARI 
ARI 


ARI4 
ARU 


510 

640 


2 

1 


1015 06836 
4.015 08869 


8,0/ 0,0 
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3 1,0 


ARI 


ARU 


650 





101^ 08B67 


S 1 


5,8 

3,0 

11,8 


Aor 

HEH 


ADr 
M»P 

MEM 


6?5 

095 

065 


1 

2 
1 


1015 01860 
1015 04A51 
1015 09A16 


2 
1 



2iO 


ARI 


ARU 


625 





1019 08B62 


S 1 


7,5 
»i5 


INR 


M»0 
INR 


S65 

130 


1 
2 


1015 04B68 
1015 03A29 


S 2 

S 


0.5 
0,5 


ARI 
ARI 


ARIO 
ARM 


575 

590 



1 


1015 05B52 
1015 06R52 


1 

2 


0.5 
6,5 

8,0 


ARI 
ARI 
8CD 


ARI8 
ARU 
SCOC 


580 
575 
135 


2 

1 

2 


1015 07852 
1015 Q8B52 
1015 02A32 


1 

2 

S 


5,8 


MEM 


MiM 


265 





1015 09A56 


1 


5,8 


ARI 


ARIO 


600 


1 


1019 05857 


S 


5,8 
5.8 


MEM 
ARI 


MEM 
ARU 


240 
600 




1 


1019 09A51 
1015 08857 


1 

9 


5,8 
5^8 


MEM 
ARI 


MEM 
AR14 


255 

615 




1 


1019 09A54 
1019 06897 


1 

s_o 


5.0 


MEM 


MIM 


250 





1015 09A53 


1 


5,0 


ARI 


ARI8 


605 


I 


1019 0785? 


S 


0.5 
0.5 


PFS 

pr8 


prs 


275 
265 




1 


1015 17A08 
1019 17A07 


1 




1.0 
0.8 


ARI 
ARI 


ARI8 
AR 


660 
655 




1 


1015 07868 
1015 05868 


1 

2 


0.5 
0,5 
0,5 


ARI 
ARI 
ARI 


ARIO 
ARI4 
AR|8 


590 
605 
595 


2 
1 
2 


1019 05899 
1019 06859 
1019 07859 


1 
2 

1 


5,8 
9,1 


ARI 

INR 


ARU 

INR 


590 
245 


1 
2 


1019 08859 
1019 03A92 


2 
S 


0,5 
0|5 


INR 
M-D 


INR 
M-0 


235 
355 



1 


1015 03A50 
1015 04A46 


1 
8 _ „ 



001 ACR19. 

002 
003 
0.04 li:,8/ O^-O 



001 
002 
003 
004 
009 



001 
002 



Ml _.ACR198__. _ 

002 

003 9,5/ 0,0 



ACRDR< 



_ »j'0/ Oj^O 
ACRiERBO 

" 578/'o7o' 



Obi ACRZlRBiX 
002 5,8/ 0,0 



001 ACRZiRS4 
002. „9,8/ 0,0 



001 


ACRZiRB8 


002 


9,0/ 6,0 


001 


ACSHlEtF 


002 


0,5/ 0,0 


001 


ACSLiNB 


002 




003 




004 




009 




006 




007 


9,1/ 0,0 



001 AC8I.BRT- 
002 0,5/ 0,0 
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JU5. 



0.5 
0,5 
Q.iB 



Oi5 
0.5 



0.5 
0.5 
Al5_ 



11.3 



ARt ARU 



ARI 
ARI 
ARI 



ARI 
ARI 
ARI 



ARI 
ARI 
ARI 



ARI8 
AR14 
ARIO 



ARM 
ARID 
ARM 



ARI8 
ARIl 
ARU 



INR INR 



.115_ 



635 
645 

630_ 



985 

570 
S65 
575 

570 
95 0_ 



120 



1 

2 

_1 



2 
1 

2 



■015 fl8B63 

1815 07963 

1019 06B63 

^015 05868 



I 
2 

2 



1015 06R51 
1015 05B51 
1015 06B4 7 



1019 07891 
1019 08891 
1015 Q8B47 
1015 03A27 



2 

1 

.^_ 

1 

2 

2 

1 





002 
003 
004 
009 
006 
Jfl7. 
008 
009 

QIQ. 
Oil 



ACSRlNi 



11,3/ 0,0 



2.5 
2.5 



1.0 
1.0 



INR 



INR 
M»D 



INR 
M-D 



{NR 



345 
349 



199 
_34JL 



1019 03B04 1 

1 1019 04A48 S 



1019 03A42 1 

1 1019 B4A2i S d 



001 
002 



801 
-002. 



AQSROPT- 
2,5/ 0,0 



ACSROPTl- 
1X0/ D J> 



_Ii5_ 



2.5 

2.0 
12.0 



RFS PFS 



ARI 
AOr 

M»D 



ARIO 

ADF 

M"D 



_t45_ 



349 

320 
389 



1 
2 
1 



101 9 178 34 S 1 651 A_OAOQ« .. 

1019 05804 S 2 802 

I0l9 01A67 1 003 

101 9 04A4 2 J_ _ 804 1 2 , Q / 1 0^ 



8.5 



2.5 

4,3 

19.3 



prs prs 



M«D 
ARI 
M-D 



M*D 

ARIO 

M»D 



170 



469 

390 
390 



1 
2 

1 



1019 17833 8 1 00_1 . *D401« 

1019 04897 2 802 

1019 09814 S 1 803 

1019 04 A39 S a__ _ 004 15i3/ 0,0 



7.5 



5.0 
12.5 



7.5 
5jL8 



13,3 



prs prs 



ARI 

M»D 



ARIO 
M-0 



PFS 
ARI 



pFS 
ARIO 



M-D M-D 



175 



449 
395 



180 
475 



400 



1015 17832 S 1 



1 
2 



1019 05826 
1015 04A26 



1819 17831 
1 019 098 32, 



S 2 





S 1 
.§._2„ 

2 1819 e4A2S S- 



001 A0A02- 

802 

003 12V9/ 0,0 



001 ADA03- 

002 „ .,_ - 

003 13,3/ 0.0 



7.9 
4.3 

1 1, 8 



ARI 
M-D 



"P^T~ 

ARM 
M-D 



TIT 
390 
409 




1 
2 



1019 17B23 
1019 06804 
1019 04A19 



S 1 

S 2 

IJL 



801 A0A04- 

002 

8Q3.- UVe/ 0,0 
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C LN Th note CKT equation got Bfl U LflCATlON 8 Lfl MT MSEQ HSMAj^^^*!- 



7,5 


PF8 


PFS 


190 





10X5 


17822 


S 


1 


001 


ADA09- 


5,0 
12,5 


ARI 


AR|4 
M»0 


400 

410 


I 
2 


1015 
1015 


06814 
04A22 


s 
s 


2 




002 
003 


12,9/ 0,0 


7,5 
5,0 


prs 

ARI 


PFS 
ARM 


l»5 

460 




1 


lOlS 
1019 


17821 
06826 


9 
8 


1 

2 


001 
002 


A0A06- 


13,3 


M«D 


M"P 


415 


2 


1015 


04A10 


S 





003 


13V3/ 0.0 


7,5 
6,5 

14,0 


prs 

ARI 


PFS 

ARI4 

M-0 


200 
490 
420 



1 
2 


1015 

1015 
1019 


17820 
06832 
04A07 


S 
8 
S 


1 
2 




001 
002 
003 


AOA07- 
14.0/ 0.0 


5.0 


M"0 


M»D 


425 





1019 


04A38 


& 


1 


001 


ADA08- 


3,0 

6,5 

14,5 


ADr 

ARI 

prs 


ADF 

ARI8 

PFS 


490 
345 

205 


1 
2 
1 


1015 
1019 
1015 


01833 
07804 
17806 


S 
S 


2 

1 



002 
003 
004 


14 VS/ 0.0 


6,5 


PF8 


PFS 


210 





1015 


l7B0f 


s 


1 


001 


ADA 09- 


4,3 

10,8 


ARI 
M-D 


AR18 


595 

490 


1 
2 


1019 
1019 


07814 
04A33 


s 

s 


2 




002 
003 


10V8/ 0.0 


6,5 

5.0 


PFS 
ARI 


PFS 
ARI8 


215 
455 




1 


1015 
1015 


17804 
07826 


8 

s 


1 
2 


001 
002 


ADAIO- 


11,5 


M-D 


M-D 


495 


2 


1015 


04A27 


s 





003 


11,9/ 0.0 


6.5 

5,0 

11,5 


PFS 
ARI 
H-0 


PFS 

ARI8 

M-0 


220 
485 
440 



1 
2 


1015 
1015 
1019 


17803 
07832 
04A32 


s 

8 

S 


1 
2 




001 
002 
003 


AOAll- 
11.9/ 0.0 


6.5 


PFS 


PFS 


225 





1019 


17A70 


8 


1 


001 


AOAia- 


5.0 
11.5 


ARI 

M«D 


ARU 
M-D 


S45 
445 


1 
2 


1019 
1019 


08804 
04A18 


S 
S 


2 




002 
003 


11,5/ 0,0 


6.5 

5,8 


PFS 
ARI 


PFS 
ARU 


290 
395 



1 


1019 
1819 


17A69 

08814 


S 

s 


1 
2 


001 
002 
003 


ADAIS- 


12,3 


M«D 


M-0 


450 


2 


1019 


04A13 


s 





12,3/ 0.0 


6,5 

5.8 

12.3 


PFS 

ARI 
M*0 


PFS 

ARU 

M-D 


235 

450 
455 



1 
2 


1015 
1019 
1019 


17A68 
08826 

04A12 


s 
s 

s 


1 
2 




001 
002 
003 


ADA14- 
12.3/ 0.0 
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6.5 


PFS 
ARt 
MiiD 


{1^ ui w A 1 4 u n 

prs 

ARU 


KM^m — &M— 

240 
460 
4«0 


— b-i — 


1 
2 


IHWWW ■ 1 MH 

1015 i7A67 


S 1 


._. JJLL _ 


ADA15- 


o t ^ 

6,5 

13,0 


1015 08B32 
1015 04A16 


§ 2 
S 


002 
003 


13.0/ 0.0 


2,0 
2t5 


ADr 


M-0 
ADF 


115 
330 


e 
1 


1015 04A44 
lOlS fllA69 


1 
2 


001 
002 


AOBOO- 


4,5 


ARI 


ARIO 


355 


2 


1015 05S06 


S 


003 


4',5> 0.0 


0,0 


ARI 


AR14 


360 





1015 06B06 


S 


001 


Aoeo4. 


3,0 
3,0 


ADF 
ARI 


ADF 
AR18 


480 
355 




1 


1015 01B31 
1015 07806 


1 

S 


001 
002 


ADB08* 
3.0/ 8.0 


0,0 


ARI 


ARU 


355 





1015 08B06 


S 


001 


ADB12- 


2,5 
2,5 

3,5 


Aor 

ARI 
ADF 


ADF 
ARIO 

ADF 


510 
635 

520 




1 



1 


1015 01B37 
1019 05B64 

1015 01839 
1Q15 Q8B64 


1 

S 


001 
002 


AOBZiROO 
._X5/ Q»i_ ._ 


1 

S 


001 
002 


A0BieRfli2 


3,5 


ARI 


ARU 


635 


3.5/ 0.0 


3.0 
3.0 


AOF 
ARI 


ADF 
ARI4 


500 
650 




1 


1015 01B35 
1015 06864 


1 

S 


001 
002 


AOBZeR04 
S'.O/ 0.0 


3,0 
3,0 


AOP 
ARI 


ADF 
ARIB 


530 
640 




1 


1015 01841 
1015 07864 


1 

8 
S 

1 


001 
002 

001 


AOBilRSS 
^3/ 0.0 


0,0 


ARI 


ARIO 
H"0 


335 





1015 05A78 


AOCOO* 


1.5 


M*D 


030 




1 


1015 04B56 


801 


AOt502- 


sJLz. 

1,5 


ARI 


ARIO 


440 


1015 05825 


S 


002 


1,5/ 0.0 


2.5 
2.5 


ARI 
ARI 


ARID 
ARI4 


405 
340 




1 


1015 05B18 
1015 06A7e 


1 

S 


001 
002 


ADC04> 
2.5/ 0.0 


0,0 


ARI 


ARI 4 


455 





1015 06B25 


S 


001 


ADe06* 
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c unth 


NSTB CKT 


BOMATTflN 


iOL BC 


LI 


LflBATlfN 


$ 


L* HT 


HSBQ 


tlQNAL NAHE 


2.9 


ARI 


ARM 


420 





1019 06919 




1 


001 


ADC08- 


2.9 


ARI 


ARI8 


340 


1 


1019 07A70 







002 


2.9/ 0.0 


oVo 


A9I 


ARI8 


490 





1019 07929 







001 


Aoeio- 


2.9 
2.9 


ARI 
ARI 


ARI8 
ARIl 


419 
339 



1 


1019 07919 
1019 08A70 




1 



001 
002 


A0ei2» 
tV9/ 0.0 


0.0 


ARI 


ARU 


449 





1019 08929 







001 


Aoei4« 


2.0 
0.9 


INR 
ARI 


INR 
ARIO 


990 
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1019 17837 1 
4 1019 fl9A3a 2_ 



2 1019 02A09 S 



001 
002 



001 

JLD2„ 

003 



CPRUN* 
9.9/ 0.0 



CP8ENS0 



11,0/ 0.0 



7,9 
3,9 

11,0 



PFS PFS 

MEH MEM 
SCO SCDC 



120 
179 

040 



1019 17838 1 001 

1 1019 09A38 2 002 
J_ 101 9 02Ali S ^OilS_ 



CPSENSl 
_Uj-a/.JL.l- 



3,9 



3,5 



MEM MEM 



SCD SCDC 



189 



010 



J. 
1 



101 9 Q9A40 



1019 02A09 S 



,011. 
002 



CPSENil., 



3.9/ 0,0 



3.5 
3.9 



4,3 
All. 



MEM MEM 
SOD SCDC 



MEM MEM 
SOP SCDC 



170 
020 



330 
_029_ 



1019 09A37 
1019 02A07 



1 
S 



1019 09A89 1 
< 10< 9 02A08 S 



001 CP8ENSS 

002 3.9/ 0.0 



001 
_001. 



CP8STP 
,. £,-1/ -BL.-5- 



8,5 



8,9 



_PJ PI 



SOP SCDC 



_aio. 



200 



1019 15A 07 



1 1019 02A46 



501 _ CP8WB8T* 
802 8,sr/ 0,0 



6,9 
6,9 



7,9 
.7x9. 



TTV TTY 

MEM MEM 



TTY TTY 

MEM MEM 



255 
225 



1015 16B37 1 

1 1019 09A48 S 



260 



1019 16B39 1 

1 1019 09A4y S 



001 DAD08* 

002 6,9/ 0,0 



001 PADO»« 
_0JDL2. l4-iy— tJL 



SYSTEM NAME SIQNAU LIST DWNO N8 545822 RVI EBI PA0i2l 



C I.NTH 


MATE CKT 


EQUATION 


POL ^0 L! 


LflCATtflM 


8 Lfl WT 


WSPQ 


8I9NAL NAMi 


0.5 


TtY 


TTY 


865 : 


L015 


16841 




001 


DAOIO* 


6,5 


MEM 


MiM 


SlO 1 J 


lOlS 


D9A69 


S 


002 


6,5/ 0,0 


6,5 
6,5 


TTV 

MgM 


TTY 

MiM 


290 i 
315 I 3 


L015 
L015 


16B51 

09A66 


S 


001 
002 


OADll' 
6','9/ 0,0 


11,5 
11.5 


TTY 


TTY 
ADF 


320 ] 
120 1 j 


L015 
L015 


16B63 
01A2T 


8 


001 
002 


0AD12* 
11.5/ 0.0 


11.5 


TTV 


TTY 


315 i 


1015 


16B61 




001 


0A013> 


11.5 


Apr 


AOF 


100 1 i 


L015 


01A23 


8 


002 


11,5/ 0,0 


11.5 

11.5 


TTY 

Aor 


TTY 
ADF 


310 i 
090 1 i 


L0l5 
L015 


16B59 

01A21 


S 


001 
002 


0A014« 
11,5/ G,0 


10.5 
10.5 


TTY 
AOF 


TTY 
AOF 


305 i 
110 1 1 


L0l5 

L015 


16B57 
01A29 


S 


001 
002 


DAD19* 
10.5/ 0.0 


9.5 


ARI 


ARIO 


560 i 


L015 


05849 




001 


DINOO* 


9,5 


TTY 


TTY 


065 1 i 


L015 


16A39 


8 


002 


9,5/ 0,0 


8,5 
8,5 


ARI 

TTY 


ARIO 
TTY 


545 i 

080 1 i 


L015 
1015 


05846 
16A33 


S 


001 
002 


DINOI. 
8V5/ 0,0 


9,5 
9,5 


ARI 

TTY 


ARIO 
TTY 


605 i 
075 1 i 


L015 

LOIS 


05898 
16A31 


S 


001 
002 

001 


0IN02> 
9,9/ 0,0 


9,5 


AR! 


ARIO 


615 i 


L015 


05B60 




DINOS* 


9,5 


TTY 


TTY 


070 1 3 


1015 


16A29 


9 


002 


9,9/ 0,0 


9,5 
9,5 


ARI 
TTY 


ARM 
TTY 


575 1 
065 1 i 


1015 
L015 


06849 
16A27 


S 


001 
002 


DIN04* 
9,9/ 0,0 


8,5 
8,5 


ARI 
TTY 


ARM 
TTY 


560 i 

060 1 i 


L015 06S46 
L015 16A25 


1 
S 


001 
002 


0IN09* 
8.9/ 0.0 



SYSTEM NAME SI6NAU IIST OWNS' NO 949222 RVI 181 FFq| 22 



9.5 ARl AR14 ilO Q tOlg 0»BgB 1. Jttl._.JJLMi.-_ 

9^^- nv TTY 055^ 1 181? 16A2S S 002 9,5/ 0,0 



175 ARI ARI4 630 1015 06B60 1 001 D|N07» 
9,5 TTY TTY 050 I 1015 16A21 S 002 9V5/ 0,0 



9,5 ARI AR18 565 10l5 07i4» 1 001 D|N0S« 
9.5 TTY TTY £45 1 lBl5 i6A19 S MLl 9t^f 0.1- 



8.5 AR! AR18 550 1015 07946 1 001 DlN0.9i__. 

8,5 TTY TTY 040 I I0l5 16*17 S 002 8,5/ 0,0 



T3 ARl ART8 610 1015' 07858 1 001 DINlO. 
9,5 TTY TTY 035 1 1015 16*15 SO 002 9V5/0,0 



9,5 AR! ARI8 620 1015 07B60 1 001 DINll. 

9.5 TTY TTY 015 1 I0l5 16A1S S_Q- OJLf 1,5/ .04-0_ 

9 , 5 AR! ARIl 560 1015 08B49 1 Q. 1___01N1 ?■ _- 

TJl TTY TTY 025 1 I0l5 16A11 S 002 9,5/ 0,0 



T75 AR! ARTl 545 1015 08846 1 001 DIN13. 
8,5 TTY TTY 020 1 10l5 16A09 S 002 8,5/ 0,0 



9,5 AR! ARll 605 1015 08B58 1 001 DIN14- 

9.5 TTY TTY fill 1 lOiS 16AQ7 1_Q 0112 9.5/ Q-iJL 

9.5 ARl ARII 645 1 015 08B60 1 tOL PlMll: 

9,5 TTY TTY 010 I 1015 16A05 S 002 9,5/ 0,0 



^J3 ffY TTY 3P 1015 16B55 1 001 D|8B- 

10.5 AOr ADF 225 1 1015 01A48 SO 002 10,5/0,0 

scDc Q iQis o%kya s t MI — .msPiN — 

^I^^g- I \oi9 oihv> o ooi 

8,5 TTY TTY 295 1015 16853 1 001 008B» 

8.5 ADF ADF 4i5 t lOlSOlBlB SO ^912 8 .5/ ,80.0, 



SYSTEM NAM! SIGNAL LIST DWNQ NO 545222 RVI Efll PA0i23 



-C LNTH NfliF CKT-_EQUATION BQL iO U liCkfXBH-^ S . Lfl MT WSgQ S I QN Al. NAME 



rts. 



7,5 



7,5 
7,5 



7,5 
7.5 



^5 



7,5 



7,5 
7,5 



6,5 
6,5 



7,5 



7,5 



T7F 
7,5 



7,5 
7,5 



TTY TTY 



ARI ARID 



360 



TTY TTY 
ARI ARIO 



160 
395 



7,5 
__ 7i^5 „ _ 


TTY 
ARI 


TTY 
ARIO 


155 
415 


7,5 


TTY 


TTY 


150 


7,5 


ARI 


AR|0 


480 


7,5 
7,5 


TTY 
ARI 


TTY 
ARM 


145 
365 



TTY TTY 
ARI ARM 



140 
405 



TTY TTY 



135 



ARI ARM 



450 



TTY TTY 
ARI ARM 



130 
495 



TTY TTY 
ARI ARI8 



125 

360 



TTY TTY 



120 



"All ARTl" 



400 



TTY TTY 
ARI ARI8 



Tl5" 
445 



TTY TTY 
ARI ARM 



110 
490 








1 



_0 

i 



015 16A67 1 
015 05B07 S 



015 16A65 1 
015 05815 S 



015 16A6S 1 
ftl5_J5B2.4 _S fi 



015 16A61 1 
0i"5 05B33 S 



015 16A59 1 
019 06107 S 



015 16A57 1 
019 Q6B15 S 



015 16A55 1 

015 06B24 S 



015 16A53 1 
015 0663S S 



015 16A51 1 
015 07B07 S 



015 16A49 



015 07815 S 



OiS" 16A47" " i 
Ol5 07B24 S 



015 16A45 1 
015 07B 33 S 



001 
002 


D8T00» 
7,5/ 0,0 


001 
002 


DOTOl- 
7,5/ 0,0 


001 
002 


DOT02- 
.7,5/ 0,0 


001 
002 


DOTQS* 
7,5/ 0,0 


001 
002 


OOT04- 
7,5/ 0,0 


001 
002 


08T09- 
7,5/ ,0,0. _ 


001 
002 


O0TO6> 
7,5/ 0,0 ' 


001 
002 


DOT 07- 
7,5/ 0,0 


001 
002 


D8T08. 
6,5/ OjO 


001 
002 


D8T09* 
7,5/ 0,6 


ooi 

002 


D8T10-'" 
7',5/ 0,0 


001 
M2_ 


D8T11. 
__ 7,5/ Oi.O ,. 



WSTEM NAME SIGNAL LTST DWNO N8 545222~(rvl §81 PAQB 24 



C LNTH NATE CKT EQUATION EOL Efl -U LO CA TIff H- S- ifl -J-iT WSiO SJGNAL NAME- 



Ax3- 



6,5 



6.5 
6.5 



7,5 
JU5_ 



7.5_ 



7,5 



liO 
liO 



5.0 
_5aJ5_ 



7,5 



7,5 



6,5 
6,5 



Oi5 
3.0 



3.5 



1,0 
5,0 
6,0 



0,5 



5.0 
5,5 



TTV TTY 



JJlL 



ARI ARIl 



360 



TTY TTY 
ARI ARU 



too 

400 



TTY TTY 
AR! ARIl 



095 

440 



TTY TTY 



090 



AR! ARU 



485 



ADP ADF 
INR INR 



ADF ADF 
SCD SCDC 



ADP AOr 



MEM MEM 



ADF ADF 
INR INR 



ARI ARIO 
ARI ARIO 



AOF ADF 



ARI ARIO 
ARI ARIO 
ADF ADF 



ARI ARIO 



ARI 
ADF 



ARIO 
ADF 



270 
515 



205 

4 70 



150 



680 



555 



375 

370 



245 



470 
385 



455 



490 
165 








1 









1 

2 



1 
2 



lll5_t6A4i 



015 16A41 
019 08B15 



019 16A39 
tl9_jQ8_fi24 



015 16A.37 
015 08i33 



Ol5 01A97 
019 03A66 



-...^....X- 

S 


001 
002 


D0T12- 
6.9/ 0.0 


i 

S 


" 001 
002 


D0T13. 
6.9/ 0,0 


1 


001 
. 002 


D0T14- 
7,9/ 0,0 


1 
S 


001 
002 


D0T19- 
7,5/ 0.0 


1 ""' 

S 


001 
002 


iXLDADl* 
1,0/ 0,0 



019 01A44 1 
019 02944 JO 



019 01A33 1 
bl9 09865 S 



019 01A20 1 
019 03646 S 



015 09B18 
015 05B09 



1 
2 
0l9 01A92 S 



015 05831 1 

019 05B12 2 

Ml5_.0.1A24 _S..Q.. 



115^MB28^ 



019 05B27 
0l9 01A36 



. - 1_ 

2 

S 



001 eXLDADSRli 

002 9.0/ 0.0 



001 BXLDMB * 

002 7,9/ 0.0 



001 iXLDPC 

002 6.9/ 0,0 



001 EXROO 

002 

003 3.9/ 0,0 



001 BXROl 

002 

003 6,0/ 0,0 



001 BXR02 

002 

003 9.9/ 0,0 



system""'name signal Cist dwnq no 545222 rvi eoi page 25 



( i I.NTH NATE CKT eQU A TTON §01 eO U LflCATIflM S-U JiJL MSgfl -SlQNAU-NAME- 



4.3 



1.0 
5.3 



6.5 

0.8 



2.5 

9.8 



1.3 

1.3 

3,5 

9,6 



APr ADF 



ARI 
ARI 



ARM 
ARID 



ADF ADF 
SCD SCOC 



M-D M«D 
MEH MEM 



INR INR 
M-D M"0 



SCD SCOC 
AOF ADF 

MEM MEM 



800 



385 
465 



1015 01A 4 8 S 1 



155 

550 



125 

695 



150 
090 



1015 06ili 
1015 05830 



J0.1„.„iMRl3^ 



2W 
545 

705 



5,0 
5.0 


ARI 
ADF 


ARM 

ADF 


425 

130 



1 


1015 06819 
lOlS 01A29 


1 


5.8 


TTY 


TTY 


325 





1015 16865 


1 


5,8 
11.6 


PFS 

MEM 


PFS 

MEM 


295 

285 


1 

2 


1015 i7A5i 
1015 09A60 


S 2 





1015 01A34 1 

1 1 t 5 O2B6.0_ 2. 



2 1015 04867 1 
1 1019 09866 S 



002 
003 



1015 03A3S 1 

1 1015 04A54 __2 

1 
2 



2 1015 02A69 

1 1015 01844 

2 1015 0986 8 _S_J) 



5,3/ 0,0 



001 EXR04 
M2___ JjQ/- 0*0. 



001_ _ EXSENli. 

002 

003 11,6/ 0.0 



001 
0Q2 

ooT 

004 



001 
002 
003 
004 
005 



ICDCO 
9,8/ 0,0 

ICDCO- 



9V6/ 0.0 



7.5 



7.5 



MbM MpM 



M-D M-0 



565 



570 



_0 1015 09850 



1 1015 04A08 



__ I OJl ICDECORT- 

S 002 7,5/ 0,0 



2,5 
5,8 
8,3 



MEM 
M-D 
SCD 



MEM 
M-D 
SCOC 



455 

130 
075 



1015 09828 S 1 

1 1015 04829 2 

2 1015 02Ai8 



001 ~ tWO" 

002 

003 8.3/ 0,0 



2,5 



5,0 
7,5 



2.0 
5,0 



7,0 



MrM HPM 



M-D 
SCD 



M-D 
SCDC 



M-D 

MEM 

Tetr 



M"0 

MEM 



395 

085 



1015 09816 S 1 



1 1015 04823 2 

2 1015 02A20 



140 
375 



100 





1 



1019 04821 
1019 09811 



2 1019 02A23 



1 
2 



001 lCRl-_ 

002 

003 7,5/ 0,0 



001 ICR2- 

0J2 

60S 7707 0,0 









T«9" 



8.0 



"Mir 



SCD SCDC 







110 



1019 09864 
i Hf 1 1 881 



l_ 1019 02A29 



S 1 001 TSnZ' 
8 188 



.00.2,. ttO/__OiO_ 



SYSTEM NAME SIQNAl. LIST OWNS N8 545f2rim loT «8¥ 2"6" 



2.S 


ARl 


ARM 


325 


ir-* 

1 


015 


fl6A67 




1 


- -joai -. 


1N041C1? 


2|5 


INR 


INR 


390 


1 i 


.015 


03B13 


S 





002 


2,5/ 0,0 


2iO 
2iO 


Aor 

INR 


ADF 
INR 


425 

610 


] 

1 i 


.019 
.019 


01820 
Q3B57 


s 


1 




001 
002 


IN4S09 
2,0/ 0,0 


7,5 
7.5 


SCD 
INR 


SCDC 
INR 


900 
010 


1 

1 i 


.015 
l015 


02B90 
03A09 


s 


1 




001 
002 

001 


INDCO 


Oi8 


SCD 


SCDC 


495 


i 


L015 


02S49 




1 


INDCO* 


0,8 


INR 


|NR 


615 


1 1 


1019 


03B58 


s 





002 


0,8/ 0,0 


1.5 
1,5 


SOD 
INR 


SCDC 
INR 


485 
435 


1 

1 i 


L015 
L019 


02S47 
03B22 


s 


1 




001 
002 


INDCOO 
1,5/ 0,0 


7,5 
7.5 


SCD 

MEM 


SCDC 
MEM 


435 

075 


i 


L015 
L019 


02B37 
09A18 


s 


1 




001 
. OOL 


INDCOOO 
.7..5/.0j0__. 


0,8 


SCD 


SCDC 


235 


i 


L019 


02A54 




1 


_ INDCO 01^ . _. 


2.0 
2.8 


INR 

Aor 


INR 
ADF 


200 
060 


1 ! 

2 3 


L019 
L019 


03A43 
eiA19 


s 


2 




002 
003 


2.8/ 0.0 


3,5 
3,5 


Apr 

MEM 


ADF 
HEM 


060 
070 


! 

1 : 


L015 
1015 


01A19 
09Air 


s 


1 




001 
.. .0.02 ._ 


INDC002 
.3.l5/ OjO 


5,0 


SCD 


SCDC 


960 


: 


L019 


02B62 




1 


._. 001 _ 
002 
003 


INDCO 0.5 


2,5 
7,5 


INR 
ADP 


INR 
ADF 


285 

059 


1 : 

2 : 


1015 
1019 


03A6e 
01A14 


s 


2 




*/.5/ 0.0 


6,5 
6.5 


AOF 

MEM 


ADF 
MEM 


905 
085 


• 

1 ! 


L0l9 
1015 


01636 
09A20 


s 


1 




001 

M2_ 

001 


INDC004 
.. ttSJ^ (UO 


5.8 


ADf 


ADF 


400 


: 


1015 


01B19 




1 


_J.NftCia9_. 


5,8 


MEM 


MEM 


099 


1 ! 


1015 


09A22 


s 





002 


5,8/ 0,0 


6,5 
6,5 


ADf 
INR 


ADF 
INR 


619 
165 


: 

1 : 


1015 
1019 


01898 
03A36 


s 


1 




001 
002 


INDC006 
6,5/ 0,0 

























- e L NTH NflTE CKT EQU 4 TIflN BQL Efl U IflCOTiaN 8-Lfl_Jil usgQ SHNAL NAM! 



Zj9_ 



3,5 



AOr ADF 



MbM nCfl 



020 



140 



1 1019 BlAOy 



1 lOl! 09A31 8 



-fiLOl INPOOAA, 



002 3V9/ 0.0 



3,5 
3,5 



3.0 
3.0 



AOr ADF 

HEM MEH 



meh mem 

INR INR 



220 
155 



435 

550 



1015 01A47 1 "001 

1 1019 09A34 S 002 



INDCOOB 
3V5/ 0.0 



1015 09B24 1 001 INDCOOK- 
_1 1019 03849 S Q 0_JL2 3.0/ 0.0 



5.0 



5,0 



AOr ADF 



INK INR 



«35 



299 



J 1019 01862 



1 1019 03AdS S 



Mi LNDCOll 



002 5,0/ 0.0 



2.0 



0,8 
0.8 



INR INR 



SCO SCOC 
INR INR 



330 



499 
989 



1019 01814 T 
1 1019 03A89 S 



001 INDCOS* 

002 2,0/0.0 



1019 02841 
1019 03892 



1 
S 



001 
002 



INOC04 
0.8/ 0.0 



2.0 



2.0 



SCO SCOC 



INR INR 



990 



~46F 



1019 02868 



1 1019 03828 S 



001 INDC09 



002 



2.0/ 0.0 



0.0 



0.0 



INR INR 



INR INR 



5,8 
5,8 


ADF 

INR 


ADF 
INR 


979 

179 



1 


1019 01890 
1019 03A38 


1 
S 


001 
002 


INDC07- 
9,8/ 0,0 


5.8 

5,8 


MEM 
INR 


mem 

INR 


210 
999 



1 


1019 09A49 
1019 03854 


1 

S 

X 
S 


001 
002 

001 
002 


INDC08> 
9,8/ 0,0 


5.0 


ADF 
INR 


ADF 
|NR 


980 





1019 01891 


INDC08A 


5,0 


270 


1 


1019 03A57 


9.0/ 0,0 


5.0 
5,0 


ADF 
INR 


ADF 
INR 


969 

209 




1 


1019 01848 
1019 03A44 


1 

8 


001 
002 


INDC09 
9,0/ 0,0 



379 



410 



1019 03810 S 



1019 03817 8 



001 INDC09* 



001 INDCOA> 



SYSTEM NAME SIONAU LIST DUNS N0 $49222 RVI Ml WAW~W 



C UNTH NATE CKT — EQU A T I ON BQU 60 H U OC A TION S \ ,B WT — WStQ— Sl O NAt NAM! 



1.3 


MoD 


M»D 


OiO 


1 


fll5 


04B3S 




1 


O-Ol- - 


INDCOB* 


i;3 


INR 


INR 


365 


1 1 


.015 


03R08 


S 





002 


1.3/ 0.0 


0,8 
0,8 


M»D 
!NR 


M-D 
INR 


015 
490 


1 

i ] 


.015 
.015 


04B32 
03B33 


s 


1 




001 
002 


INDCOC* 
0.8/ 0.0 


OVO 


INR 


INR 


500 


] 


.015 


03B35 


s 





001 


INDCOF* 


If 3 
1.3 


SCO 
INR 


SCDC 
INR 


510 
470 


i 

1 i 


.815 
L015 


02B52 
03B29 


s 


1 




001 
_ . 0M._. 


INDC10R2 
1.3/ 0.0 


iiO 


AOP 


ADF 


410 


i 


L015 


OlBl? 




1 


._ OJJt- 


INDC2> 


iiO 


INR 


INR 


480 


1 1 


LOlS 


03B31 


s 





002 


1.0/ 0,0 


1,3 

i,3 


Aor 

INR 


ADF 

INR 


570 
485 


J 

1 j 


L0l5 
L015 


01849 
03B32 


s 


1 




001 
002 


INDCAQRB 
1.3/ 0.0 


0,8 
5.8 


SCD 

INR 


SCDC 
INR 


515 
645 


] 

1 ] 


L015 
L015 


02B53 
03B64 


s 


1 

2 


001 
002 


INDCBYTE 


4;3 

10,9 


MEM 
AOF 


MEM 
ADF 


290 
010 


2 3 
1 3 


L015 
L015 


09A61 
eiA05 




1 




DOS 
004 


10,9/ 0,0 


2,9 
2.5 


SCD 
INR 


SCDC 
INR 


210 
340 


3 

1 3 


L015 
L015 


02A48 
03B05 


s 


1 




001 
812_„ 


INDCOie 
^2x5/__0^0 _ 


2,5 


AOr 


ADF 


430 


3 


1015 


01821 




1 




0.fll_ 
002 


INDCr 


2,5 


INR 


INR 


630 


1 : 


1015 


03861 


s 


2,5/ 0.0 


3,0 
3,0 


SCD 

INR 


SCDC 
INR 


S70 
350 


: 

1 : 


L015 
1015 


02864 
03805 


s 


1 




001 
002 


INDCflRT 
3.0/ 0.0 


5,8 
5.8 


SCD 

INR 


SCDC 
INR 


250 
660 


3 

1 : 


1015 
1015 


02A59 
03867 


s 


1 




001 
002 


INDCRIAO 
5.8/ 0.0 


2.5 


SCD 


SCDC 


280 





1015 


02A67 




1 


001 


INDCBHirT 


2,5 


INR 


INR 


425 


1 


1015 


03B20 


s 





002 


2,5/ 0,0 



SYSTEM NAHi SIGNAL UlST DUNS N0 545222 RVI BOI PAQB29 



C L NTH NATE CKT — EOU A TieN B QU BO U LBCATIBN S LP WT- W S eO — ^SNAL -l>tAMa- 





2.0 


SCD 


SCDC 


290 


i 


1015 


02i07 




1 


001 


INDC8T 




2,0 


INR 


INR 


965 


1 : 


1019 


031148 


8 

s 




T 




002 


2,0/ 6,0 




1,0 
1,0 


SCO 

INR 


SCDC 
|NR 


419 

400 


I 

1 ! 


L015 
L019 


02B39 
03R19 


001 
002 

001 
002 

001 
002 


INDCXSKIP 
1,0/ 0,0 




2,5 
2.9 


INR 

HEM 


INR 

MEM 


045 

055 


: 

1 3 


L015 
L015 


03A12 
e9A14 


S 


1 
1 


INOCXXO- 
2'. 9/ 0.0 




3,9 


INR 


|NR 


240 


i 


L019 


03A91 


INDCXXI* 




3,5 


MEM 


MEH 


045 


1 i 


L019 


09A12 


s 





379/ 0,0 




3,9 
3,5 


INR 

HEM 


INR 
MEM 


280 
040 


i 

1 3 


L01» 
L019 


03A59 
09Ali 


s 


1 




001 
002 


TNDCXXi- 
3,9/ 0,0 




3,0 
1,3 


HEM 
INR 


MEM 
INR 


030 
190 


i 

1 1 


L015 
L019 


09A09 
03A41 


s 


1 

2 


001 
002 


INDCXXS- 




4.3 


Aor 


ADF 


305 


2 i 


L015 


01A64 







003 


4,3/ 0,0 




3.0 
3.0 


INR 

MEM 


INR 

HEM 


305 
115 


] 

1 i 


L015 
L015 


03A64 
09A26 


s 


1 




001 
002 


INDCXX4- 
3,0/ 0,0 




3.0 
3.0 


INR 

MEM 


INR 

HEM 


050 
125 


i 

1 i 


L019 
L019 


03A13 
09A28 


s 


1 




001 
002 


INDCXX9- 
3,0/ 0,0 




3.0 


INR 


INR 


250 


] 


L015 


03A53 




1 


001 


IN0CXX6- 




3,0 


MEH 


MEH 


110 


1 ] 


L015 


09A29 


s 





002 


3,0/ 0,0 




2,5 
5.6 

8,3 


HEM 
INR 

AOr 


MEH 
INR 
ADF 


120 
215 

640 


J 

1 ] 

2 ] 


.015 
.019 
-015 


09A87 
03A46 
01B6S 


s 


1 

2 




001 
002 
003 


INDCXX7« 
8.3/ 0.0 




6,5 


INR 


INR 


055 


] 


.019 


03A14 




1 


001 


INDCXX8* 




6,5 


MEM 


MEH 


465 


1 i 


L015 


09B30 


s 





002 


6,9/ 0,0 




5,0 
5.0 


INR 

MEM 


INR 
HEM 


229 

500 


1 

1 1 


.Olf 
.015 


03A48 
09B37 


s 


1 




001 
002 


INDCXX9. 
9,0/ 0,0 



SYSTEM NAME SIGNAL IIST DWNS N0 949222 RVl Tfll P*Ui~fO" 



C LN T H N flTff CKT fjQUiT^flM bQL Bfl U LBC A T I flN -S_4^-Wt— «Sia_naNM^-NA^f 



_3xl. 



3.0 



2,5 
2,5 



2,5 
J^5_ 



2.5 



2,5 



3,0 
3,0 



3.0 



9,3 



4.3 
13.8 



5.8 
^±8_ 



5,0 



5,0 



5.0 
5,0 



0,8 



Ja0_ 



1.0 



_lJifi LNB_ 



MIM MEM 



INR INR 

MiM MfM 



INR INR 

MEM MiM 



!NR INR 



MEM MEM 



INR INR 



INR INR 
MEM MEM 



TTV^ TTY 



Rl RI 

TTY TTY 



_Ri SI 



TTY TTY 



PI RI 

TTY TTY 



R| RI 

TTY TTY 



_Ri IL 



TTY TTY 



_110. 



135 



070 
ISO 



085 
180 



110 



190 



100 
195 



085 
205 



065 



245 

250 



050 
245 



055 



240 



080 
235 



085 



070 



225 




1 





1 







1 
2 




1 





1 





_l_ 



fll5 fl3A<S 



015 09AS0 8 



015 03*17 
015 09A29 S 



015 03A20 
Qt5 09139 S 



815 03A2g 



015 09A4i 8 



015 03A23 
015 09*42 



015 03*16 
015 09*44 



015 01*16 



015 17*58 S 
015 16B35 S 



015 15*17 
015 16838 



015 15*29 



015 16831 S 



015 15*25 
015 16829 S 



015 15839 
015 16827 8 



018 15843 



015 16825 8 



.001 IHMX3LA* 

002 3,0/ 0.0 



001 "INDCXXB- 

002 2,5/ 0,0 



001 iNDcxxe. 

_8Q1 i:tlAJUO_ 



001 INDCXXD' 



002 



8V5/ 0,0 



001 
002 



INDCXXB- 
3,0/ 0,0 



001 INDCXXr. 
3M i^UljA^ 



001 lNTRR^OO-_ 

002 

003 13,8/ 0,0 



001 INTRRTOl- 

002 5i8/.JIxL 



001 INTRRT02" 



002 



5,0/ 0.0 



001 
002 



INTRRT03* 
5,0/ 0.0 



001 



INTRRT04- 
,0.8/0.0 



Ofll INTR RT05* 



002 



1.0/ 0,0 



SYSTEM N*MB SIONAU LIST DWNO NO 545222 RVI BOI P*8B 31 



2|0 


PI 


PI 


075 





_A015 15955 
1019 16823 


l_ 

S 

~ T ^"' 

S 2 

-„S 1 _ 

_---,. 1 

S 

i ' 

3 

1 
S 


_ .001 
002 

edi 

002 
003^ 

001 
002 

OOi 

002 

001 
_-0(J2 . 

001 
002 

001 
002 

001 
002 

001 
002 

001 
002 
003 

001 
002 

001 
002 


INTRPT06* 


2.0 


TTY 


TTY 


220 


1 


2,0/0,0 


1.5 
3,0 
4,5 


PI 

TTY 

PFS 


PI 

TTY 

PPS 


080 
215 

290 



1 
2 


1015 15851 
1015 i6B2i 
1015 17A56 


lNTRPt07- 
4.5/ 0.0 


5.8 


PI 


PI 


085 





1015 15A11 


- rf.^^.r..r .»f.,8,.r. 

INTRPT08* 


5,8 


TTY 


TTY 


210 


1 


1019 16B19 


5 ,'8/ 6,0 


5,0 
5.0 


PI 

TTY 


PI 

TTY 


090 
205 




1 


1015 15A15 
1015 16817 


lNTRPTe9- 
5,0/ 0,0 


4,3 
4,3 


PI 

TTY 


PI 
TTY 


045 
200 




1 


1015 i5A27 
1015 16B1S 


INTRPTIO- 
4,3/ 0,0 


4,3 


P| 


PI 


015 





1015 15A23 


.....--i; „_ 

S 

3 
1 

s_o. 

1 

"so 

" "■ 1 

S 2 

S^ 0_ 

1 

so 

" "i 

S 


INTRPTll* 


4,3 


TTY 


TTY 


195 


1 


1015 16813 


4V3/ 0,6 


1.3 
1,3 


P| 
TTY 


PI 

TTY 


025 
190 




1 


1015 15937 
1015 16811 

1015 15941 
1015 16109 

1015 15B5S 
1015 16907 


INTRPT12- 
1,3/ 0,0 


2,0 
2,0 


PI 

TTY 


PI 
TTY 


030 
185 




i_ 




INTRPT13" 
2.0/ 0,0 


2.5 


l»l 


PI 


035 


INTRPT14- 


2,5 


TTY 


TTY 


180 


1 


2', 5/ 0,0 


2,5 
2,5 

5,0 


PI 
TTY 

prs 


PI 

TTY 

PFS 


040 
175 
255 




I 

2 


1015 15849 
1015 16905 
1015 17A54 

1015 01A32 


INTRPT15- 
5,0/ 0,0 


8,5 


ADP 


ADF 


145 





IT15A01- 


8,5 


PI 


PI 


100 


1 


1015 15A05 


8,5/ 6,0 


8,5 
8,5 


PI 
ADP 


PI 

ADF 


099 
255 




1 


1015 15A49 
1015 01A54 


ItACf 

8,5/ 0,0 

















f. LNTM NflTP TKT EQUATION BOLSQ 14 LflCATIflN A-jfl Ut- WSfifl .A IHHAI NAME- 



Axl- 



8,9 



PA gj_ 



ADP ADF 



JJi5_ 



290 



1019 t9A9l _l 

1 1015 01A93 S 



501 ITDS8 
002 8,9/ 0,0 



9,9 
9|9 


PI 

Aor 


PI 

ADF 


110 
070 



1 


1019 I9il9 
1015 OIAIT 


1 
S 


OiO 


ADF 


ADF 


139 





1019 01A30 





9.5 
9.9 


PI 
ADf 


PI 

ADF 


119 

090 




1 


1019 1981T 
1019 01A13 


1 
8_Q 


8.9 


SCO 


scoe 


130 





1019 02A31 


_ i 



8.9 



8,9 
8,9 



9,9 



9,9 



9,9 



8.9 
8,9 



8,9 
_8x9_ 



ItJL 



1.0 



1.5 
1.9 



PI PI 



SCO scoc 

Pl PI 



SCO scoc 

n PI 



SCO scoc 



PI PI 



PI PI 

ADF ADF 



ADF ADF 
PI PI 



ADF ADF 



M-D M»D 



"ADF iW 



120 



129 
129 



120 
130 



090 



139 



140 
079 



260 



489 



960 



440 
949 




1 







019 19A99 S 



019 02A29 1 
019 19A99 S 



019 02A27 1 
019 19B19 S 



019 02A1 3 



019 19S1S S 



019 19A49 1 
019 OlAia S 



019 01A99 1 
019 19909 S 



01 5 OIB JX 



Ol9 04837 S 



019 01S23 
019 04634 



1 
S 



001 ITENB 

002 9,9/ 0,0 



001 ITFINHP2- 



001 
_OJ0L2„ 


ITIDI. 
...?.?/. 0,0 


801 _ 
002 


ITRSVIO- _ 
8,9/ 0,0 


001 
002 


ITRSVll- 
8,9/ 0,0 



001 ITRSV12- 
0J.2 ?,9/ OjO 



001 ITRSVtS- 

002 9,9/ 0,0 



001 itSVBNB 

002 8,9/ 0,0 



001 ITWAIT- 
.002 . i|5/ 5.0 



001 
002 



001 
002 



IXQQM8- _ 
1.0/ 0.0 



IXCLKENBli 
1,9/ 0,0 



SYSTEM NAME SIQNAU LIST OWNS NO 949222 RVI BOI PAQE33 



- C INTH NflTE CKT EQU A TIflN BQL §0 U LffC ATl fN 



-4*Sfifl^.-84S*Ut.-W4Mt^- 



Oig 



Oi5 
6i5 

7_L^ 



AR! ARIO 



ARI ARIO 
ARI ARM 
ADF APF 



150 



1*5 

170 
620 



J 1 15 Q5A3 g 



1 1015 0SA34 2 

2 1015 06A96 1 
J^ 101 5 OHS» S 



AQl IXCLKINJL 

002 
OOS 
OBi 7f5/ 0>0 



_6x5_ 



0,5 
0,5 
-0i5_ 



Oi5 
6.5 



5.0 



6,0 



ADf APF 



ARI ARM 
ARI ARIB 
ARI ARI8 



ARI 
ARI 



ARIl 
ARU 



ADF 



ADF 
M-0 



INR INR 



610 



155 

ISO 

_t6?_ 



150 
165 



420 
565 

"oir 



-fi lois oi Bsy s 1 

2 

1 
Jt 

1 




1 1015 06A39 

2 1015 07A33 
1 1019 07A36 



2 

1 



1015 08A33 
1015 08A36 




1 



1015 01BI» 
1015 04A24 



1 

S J_ 



2 1015 03A06 S 



_OJLt_ 1XCLK6N8R_ 
002 
OOS 

MA 



009 

006 8,9/ 0,0 



001 IXLDAOS- 

0(J2___ 

003 ~ 6,0/ 0".0 



0.5 
5.8 
6.3 



ARI ARM 
ARI ARIO 
APF ADF 



290 
245 

650 



1019 06A92 1 001 IXLDADl. 

1 1015 05A52 2 ^ 002 

2 1015 01B69 S JJ OJLS„__ 6^37 0.0 



0.5 



5.0 
5.5 



1,5 
0.5 



0.9 
0.5 
3.0 



ARI ARIl 



ARI 
ADF 



ARM 
ADF 



ADF 

ARI 



ARI 
ARI 
ARI 



ADF 
ARIO 



ARM 
ARM 
ARU 



249 



245 
475 



315 

J10_ 



315 
310 
310 



J 1015 08A92 



1 
2 



1015 07A58 
1015 01130 



_ 1 

2 

S 



1015 01A66 S 1 

1 1019 05A6g Z 



2 1019 06A69 1 

1 1019 07A69 2 

2 1019 08A69 



OO^t 
002 
003 





0.8 


ARI 


ARIO 


199 





1019 09A42 


S 1 




ItO 
1,8 


M«D 
INR 


M-P 
INR 


060 
099 


1 
2 


1019 04A37 
1019 03A22 


2 






1,0 
1.0 


ARI 
M«D 


ARIO 
M»0 


209 
959 




1 


1019 09A44 
1019 04A99 


S 1 

S 



-LXLDADR, 



9,9/ 0,0 



001 IXUDRC 
002 



OOS 
004 
009 5L0/_i±0_ 



00_1_ I XROO- 

002 

003 1,8/ 0,0 



001 IXR008 

002 1.0/ 0.0 



0,5 



0.5 



M-D M«D 



ARI ARIO 



229 



220 



_0 1019 04A40 



1 1019 05A47 S 



001 iXROt" 



002 0.9/ 0.0 



SYSTEM NAME SIGNAL LIST DWN<I NO 945222 RV| §01 P*fr~S4' 



n LNTH NflTg CKT EQUiTIBN fOl Pfl L4 U e C A TIflN 8 { .0 VIT --«SCa — U& HM NAMt 



0,8 


ARI 


ARID 


23S 


1 


015 


flSAsn 


_S_ 




-001-^ 


IXROIS 


O.B 


M«D 


H-D 


575 


1 ] 


.015 


e4A55 


S 




002 


0.8/ 0,0 


1.3 
1.3 


M-0 
AR! 


M-0 
ARIO 


230 
250 


1 

1 1 


.015 
.015 


04A28 
05A5S 


s 




001 
002 


IXR02- 
1.3/ 0,0 


0.5 
0.9 


ARI 

H«D 


ARIO 
M-0 


260 
580 


1 

1 i 


.015 
.015 


05A59 
04A62 


s 

s 




001 
002 


txRoas 

0.5/ 0,0 


1.3 


ARI 


ARIO 


290 


1 


.015 


e5A6i 


s 




OM^ 


. lXfli3- 


1.0 
2.3 


ARI 


ARt4 
M-D 


175 
235 


1 i 

2 S 


L015 
L015 


e6A37 
04A25 






002 
003 


2.3/ 0,0 


2.5 
2.5 


ARI 

M-D 


ARIO 
M-0 


230 
585 


1 

1 5 


L015 
L0l5 


05A49 
04§09 


s 

s 





001 
002 


(XR038 
2.5/ 0.0 


1.3 


ARI 


ARIO 


300 


i 


L015 


05A6S 






001 


IXR04- 


1.5 
2.8 


ARI 

M-D 


AR|4 
M-D 


200 
240 


1 i 

t i 


L015 

LOIS 


06A42 
04A17 


s 




002 
003 


2.8/ 0.0 


3,5 

3.5 


ARI 

M«D 


ARM 
M-D 


210 

590 


i 

I 3 


L015 
L015 


06A44 
04B12 


s 

s 




001 
002 


IXR04S 
3.9/ 0.0 


1.9 


M»D 


M-D 


245 


J 


L015 


04A20 






001 


IXR09- 


1.5 


ARI 


ARM 


225 


I 3 


L015 


86A47 


s 


002 


1.5/ 0,0 


3.0 
3.0 


ARI 

M-D 


ARM 

M-D 


240 
595 


3 

1 3 


L015 
L015 


06A50 
04B06 


s 




001 
002 


IXR09S 
3,0/ 0.0 


2.5 
2.5 


M-D 
ARI 


M-0 
ARM 


250 
259 


3 

1 : 


1015 
1015 


04A09 
06A9S 


8 




001 

Ma - 


IXR06- 

___J^/__l4-5 


3.0 


ARI 


ARM 


265 


3 


L015 


06A55 


s 




001 


IXRO*? _ -- 


3.0 


M-D 


M-0 


600 


1 3 


1015 


04B11 


s 




002 


3.0/ 0.0 


1.3 

2.0 
3i3 


ARI 
ARI 
M-D 


ARM 
ARM 
M-0 


295 
170 
855 


: 

1 ! 

2 ' 


1015 
1015 
1015 


06A61 
07A37 
04A09 


9 




001 
002 
003 


IXR07- 
3.3/ 0.0 
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n INTH NflTff ffKT EQU A TION IB L BB L4 leCATIBN « lW ht H ffBQ ^IBNAL NAHB 



3.8 



3,5 



*R! AiI4 



M«D M"0 



238 



605 



J- 10 15 06A4» 8 1 
1 1015 04S22 S 



MX IMSIL 



002 



9,5/ 0.0 



1.3 
1.3 



ARl AR14 
ARI ARia 
H»D M»D 



905 
H5 

2tO 



1015 06A«S 1 

1 1015 07A42 3 2 

2 1015 fl4A36 



001 IXROS* 
002 
Ml 2.6/ 0,0 



4.3 



4,3 



AR! ARl I 



M»D MpD 



205 



410 



1015 07A44 1_4_ 



1 1015 04S28 $ 



001 IXROiS 



002 



4. "3/ 0,0 



TIT 

1.5 



4,3 



"Mils MSIJ— 
ARI ARII 



ARt AR|S 
M»D M«D 



220 



235 

615 



1 1015 04A31 1 
1 1015 07A47 8 



001 I)(R09. 

002 1.5/ 0.0 



1015 07A5e S 1 001 IXROPS 

1 1015 04986 8 002 4.3/ 0.0 



li9 



1,5 



M»D M»P 



"Aft ARTF 



270 



250 



1015 04A90 



1 1015 07A5S 8 



001 IXRIOJL: 



002 



1.5/ 0.0 



4,3 
4,3 



1.9 



3,3 



ARl ARTF 
M.D M-0 



ARI 
ARl 



ARU 
ARI 8 



H-D M*0 



260 
620 



170 
2»0 



275 



1 1015 07A58 8 1 
1 1015 04R3j: so 







1015 0BA37 
1015 07A6i 



2 1018 04A29 



1 
_S_2_ 



001 IXRIOS 

002 4V3/ 0,0 



001 
002 



003 



IXRII. 



3,9/ 0,0 



"570" 
5,0 



1,3 

2,5 



3,S 



TWi Jim" 



ARI ARI 8 
ARI ARU 



M*D M«0 



'JW 
625 



900 
195 



280 



1015 07A49 8 1 001 IXRllS^ 

1 1018 04199 S 002 5V0/ 0,0 




1 



1018 07A69 
1018 08A4g 



2 1018 04A15 



1 
9 2 



001 
002 



009 



IXR12> 



9.8/ 0,0 



"571" 

5,8 



2i5 



ARI ARU 
M-D M"D 



M-D M-0 
ARl ARU 



"fP" 

920 



285 

_2M_ 



1015 08A44 8 1 001 
1 1015 04848 8 002 



1015 04Ali 1 

1 1015 B6A4y 8 n 



T)<fl28 
5V8/ 0,0 



001 IXR19- 
Ml 2.5/ 0.0 
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JLdL 



5,0 



AR I A «I1 



M«D M«D 



.2af_ 



929 



ft <fllS flgASW S-_l. 



1 lOlP 84B43 $ 



JJili UtlMl 



002 



9,0/ 0,0 



2.5 
2i5 



4,3 
JLtl- 



ARI 



ARI 



ARIl 



ARU 



290 
290 



260 
830 



1019 04A14 1 

1 1019 08A93 8 



1019 08A99 8 1 
t 1fll9 fl4B4» 8 



001 UR14. 

002 2,9/ 0,0 



001 IXR148 
ftftg 4'.'3/ B.O 



4.3 



2.0 

2,0 

_8i3_ 



ARI ARIO 



ARI 

MEM 



ARU 
M«D 

MEM 



940 



290 
299 

090 



1019 09849 



1 
2 

A- 



1019 08A61 
1019 04A34 
1019 fl9A2l 



8 2 

1 
fl_ 



001 IXR19 * 



002 
003 
004 



A. 3/ 0, 



9.0 



2.0 
7,0 



6.9 



0.9 
0.9 



970 



ARI ARU 



Aor 

M»0 



Aor 

M«D 



M*D 
8CD 



M»0 
8CDC 



ARI 
ARI 
ARI 



ARIO 
ARI4 
ARI8 



ARI ARU 



230 



929 

470 



909 
JL4r 



160 
169 

160 



160 



1019 06A49 8 1 



1 
2 



1019 01B40 
1019 04B64 



8 2 

8 







2 
1 
2 



1019 04B69 
1019 02A84 



1019 09A39 
1019 06A39 
1019 07A89 



1 1019 0SA39 



8 1 

J_I- 



1 

2 



001 UR19S 



002 
003 



7,0/ 0,0 



001 
002 



IXRORi 



003 
004 
009 



006 9,0/ 0,0 



9,8 

0.9 
0.9 



0.9 
7,3 



9.0 
9.0 



AOP 
ARI 
ARI 



ARI 
ARI 



ARIO 
ARM 



AR|8 
ARU 



Aor 

M*0 



Aor 

M«D 



630 
240 
249 



240 
240 



499 

920 




1 



1019 01B61 
1019 09A9i 
1019 06491 



1 
2 



1019 07A9i 
1019 08A9I 







1019 01834 
1 1 9 Q4A43 



8 1 
2 
L. 



2 





1 



001 
002 



004 
009 



IX8L 



7.3/ 0.0 



001 IXSLORT* 
Bflg 9.0/ 0.0 



3.0 



3.0 



ARI ARU 



Aor Aor 



300 



289 



1019 08A68 



1 1019 01A6Q 8 



001 IXBLJRB 



002 



1,0/ 0,0 
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3.0 


ADF 


ADF 


370 


i 


LOlS 


01B09 


s 


1 


001 


IXSR 


0.5 
0.5 
0.5 


ARI 
ARI 
ARI 


ARID 
ARI4 
AR18 


265 

270 
865 


1 i 

2 i 

1 i 


L015 
LfllS 
L0l5 


05A56 
e6A56 
07A56 




2 

1 
2 


002 
003 
004 




4,5 


ARI 


ARll 


265 


2 ] 


L0l9 


08A56 







009 


4,9/ 0,0 


4,3 

4,3 


ARI 
ADF 


ARIO 
ADF 


170 
390 


3 

1 3 


L019 

L019 


05A37 
01B15 


s 


1 



001 
002 


IX8RAC15 
4,3/ 0,0 


3.0 
3.0 


Aor 

M-D 


ADF 
M>D 


380 

950 


i 

1 i 


L015 
L0t9 


OlBll 
04A93 


s 


1 



001 
002 

001 


IX8RSPT- 
3.0/ 0.0 


5,8 


TTY 


TTY 


270 


i 


L015 


1684S 




1 


KEXn- 


5.8 


MEM 


MEM 


580 


1 3 


L019 


09B5S 


s 





002 


9,8/ 0.0 


7.5 
7.5 


ARI 

MEM 


ARID 

MEM 


025 
640 


3 

1 i 


L019 
L015 


05A08 
09R58 


& 


1 




001 
002 


KKl 
7,5/ 0,0 


7,5 
7,5 


ARI 

MEM 

ARI 

MEM 


ARI4 
HEM 

AR18 
HEM 


030 
645 

025 
650 


3 

1 3 


L015 
L015 


06A08 
09B98 


s 


1 




001 
002 


KKIA 
7.5/ 0,0 


7.5 


] 


1015 


07A08 




-3— 




001 


KKIB 


7,5 


8 3 


L019 


09B58 


s 


002 


7,5/ 0,0 


7.5 
7,5 


ARI 

MEM 


ARll 
MEM 


025 
615 


i 
2. i 


L015 
L019 


06A08 
09B56 


s 





001 
002 


KK2 
7,5/ 0,0 


5,8 
5.8 


SCD 

MEM 


SCDC 

MEM 


270 
620 


j 

1 i 


L0l5 
L015 


02A69 
89B56 


s 


1 




. 001 
002 


KK2A 
9.8/ 0.0 


2.5 


M»0 


M"0 


070 


9 


L019 04A7O 


8 





001 
002 


KK2B 


2.5 


MEM 


HEM 


610 


% i 


L015 


09B96 


2,5/ 0,0 


3.5 

3.5 


INR 

MEM 


|NR 

HEM 


420 
585 


] 


Lflli 
I0l5 


03B19 
09B94 


S 





001 
002 


KKS 
3.5/ 0.0 


3.5 
3.5 


AOP 

MEM 


ADF 

MEH 


590 
990 


i 

1 j 


1019 
1015 


01B9S 
ja9154 . 


8 


1 




001 
002 


KK8A 
3.5/ 0.0 
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JZjJ- 



7i5 



6.5 
6.5 



6,5 
6.5 



7,5 



775 



3.5 
3,5 



8.5 
jBx5_ 



ART ABIO 

HEH HiM 



AR! ARM 

MIM HiH 



ARI ARIl 



MiM HfM 



"SCD SCDC 

MEM HEH 



ADf Aor 

MEM HEH 



105 
595 



110 
600 



AR! ARIB 105 
MiM HEH ifl5_ 



105 



685 



sso 

630 



030 
635 



n ifti5 ft5i>g* 



1 1015 09B55 8 




1 



1015 06A24 
1015 09i55 



1015 02815 
3 1015 09B5? 



1 

8 



1015 07A24 3 

j3_lfllS_ftS115 S_Q- 



1015 08A24 1 . 

1 1015 09B57 8 



3 

S 



|<Sia— t|44iiAtJiA«t- 



_01ll__J<K-A 

flOt 7,5/ 0,0 



002 



001 
002 



001 KKAl 

002 6,5/ 0,0 



001 •<KA2 

flflg 6. 8/ 0.0 



001 _J5K8 



7',5/ 0,0 



1015 01A09 1 001 
liail__$-Jl Dfli- 



KKtl 
3','5/ 0,0 



KKB2 



8.5 



8,5 



PAH PAH 



MEM HEM 



020 



655 



^ X ti %9 14A11 1_ 

1 1018 09159 8 



002 8,5/ 0,0 



7,5 

7,5 



Ojt5_ 



0,5 

5.0 

.3x5_ 



10,0 



7,5 

0.5 
JLti- 



0.5 
9,0 



5,8 

l8 



ARt 
ARI 



ARI 

ARI 



PI R! 

MBH HEH 



ARIO 
ARl« 



ARI ARI 8 
ARI ARIl 
SOP SCDC 



MiM HEH 



SOP SCDC 
ARI ARIO 
AR! ARM 



ARI8 
ARIl 



H«D H»0 
ggP 8CDC 



020 
660 



090 
095 



090 

090 

_11S_ 



570 



565 

070 
078 



070 
070 



800 
_iI5_ 



1015 15A55 Q. 
a 1015 09B59 8 








1 



1 

2 







1015 05A2i 
lfl ^5 06A21 



1015 07A21 
1015 08A21 
1015 02913 



2 
1 

J^ 

i 1015 09851 



1015 02B6S 
1015 05A17 
iQjS B6A17 



1018 07At7 
1015 08A17 



1 
X 



1 

2 





8 1 
2 
1^ 



2 





001 
002 



001 



003 
004 
-OM 



001 

002 

_M3_ 



004 
005 



1015 04A60 8 1 001 
101? fl2«** 8 Ml- 



KKCl 
7,5/ 0,0 



HACLKBN 



006 lOVO/ 0.0 



HAtPAD 



9,0/ 0.0 



HALDAD* 
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PAQE 39 



0,5 


ARI 


ARIO 


125 


v-t— 




WWW 1 k m^ 

1015 05A28 


—a — w*« — m-t- 
1 


— m-99m- 
001 


MA10AD8R 


0,5 
0,5 
7,5 


ARI 
AR| 

ARI 


ARM 
ARII 
ARU 


130 
125 
125 


1 
2 

1 


1019 06A28 
1015 07A28 
1015 08A28 


2 
1 
2 


002 
003 
0Q4 




9,0 


SQD 


SODC 


555 


2 


1015 02S6i 


S 


005 

001 
002 
003 
004 
005 

001 
.002 

001^ 

001 

Ml 

001 
002 
003 

001 

001 
002 
003 

"001 

Obi 

002 
DOS 


9,0/ 0,0 


oTo 


SCO 


8C0C 


595 





1015 02857 


S 


~MACDAD8R" ^ 


6,5 

0,5 
0,5 


SCO 
ARI 
ARI 


SCDC 
ARIO 
ARM 


480 
069 
070 



1 
2 


1015 02i46 
1015 e5A16 
1015 06A16 


s 1 

2 

1 
2 




MALD^C 


0,5 
6,0 


ARI 
ARI 


ARta 
ARU 


065 

065 


1 
2 


1015 07A16 
1015 Q8A16 


8,0/ 0.0 


3,0 

3,0 


SCO 

MEM 


scoc 

MiM 


325 

460 



1 


1015 02B14 
1015 e9i29 


1 
__S_P 

g 

so,. 

8 

S 1 

2 

S 

S 

S 1 
2 

s 

so 
"si 

2 

S Q_ 


MALDRCl 
3,0/ 0.0 


0,0 


MgM 


MIM 


490 





1015 09839 


MAI.0PC2- 


0,0 


ARI 


ARIO 


040 






1 

2 


_1015. QSAii 

_lJ.l5_05Ai3 

1015 05*15 
1015 09852 
1015 14849 


MARQO 


0.0 

- 7l5 

4,3 
11,8 


ARI 

ARI 

MEM 
DAM 


ARIO 

ARIO 

MEM 

DAM 


050 

060 
575 

310 


MAROl 

MARQIS 
11,8/ 0,0 


0,0 


ARI 


ARIO 


120 





1015 e5A27 


MAR02 


7,5 
4,3 


ARI 

MEM 


ARIO 

MEM 


110 
690 
335 




1 

2 


1015 05A25 
1019 09869 
1019 14857 


MAR028 


11. e 


DAM 


0AM 


11 V 8/ 0,0 


0.0 


ARI 


ARIO 


"15T 





1015 05A34 


MAR03 


7.5 

5.0 
12.5 


ARI 
MEM 
DAM 


ARIO 

MEM 

DAM 


130 
700 
340 




1 

2 


1015 05A29 
1015 09867 
i5l_5 44858 


MAR03S 
12,5/ 0.0 
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_ij5_ 



1.0 

iiO 
i.e 



9.5 



ARI ARM 



MAS 
MAG 

MAS 



HAGO 
MAGI 
MAG2 



MAS MAQ3 



04g 



209 
200 
200 



200 



_a__Ml5_JiAli_ 



1 
2 



1015 10B39 
1015 11635 
1015 l2B3g_ 



SI 
2 
1 

2. 



2 1015 13635 



D-01 
002 
003 
004 
005 



MARfl4 



9,5/ 0,0 



8,5 

6,5 



6.5 



liO 

1.0 

^i5_ 



DAH DAM 
ARI ARM 



ARI 

MAS 



ARM 
MA GO.. 



HAG 
MAS 
MAG 



MAGI 
MAG2 
MAGS 



305 
060 



055 
210 



205 

205 

_^fl5_ 



1015 14S47 8 1 

1 1015 06A14 S 



2 

1 



1015 06A1S 

_l5l5_ifl|J? 

1015 1183? 

1015 12B3T 



__l___lfti5.l3l3? 



1 
2 
1 
2 

Q 



001 
002 



001 
002 
003 
004 
005 



MAR04S 
8,5/ 0,0 



MAR05 



9,5/ 0,0 



_li5_ 



8,5 



DAM DAM 



ARI ARM 



295 



065 



J___1115_14145 _.S -1 001 MAR058 
1 1015 06A15 S 002 8,5/ 0,0 



5,8 

1,0 

JulO 



liO 
8,8 



9,5 
_9iJL 



ARI ARM 
MAG MA60 
MAG MAGI 



MAG MAQ2 
MAS MAGS 



DAM 
ARI 



DAM 
ARM 



125 
219 

210 



210 
210 



350 
A15. 



1019 06A27 S 1 

1 1015 10B39 2 
_2__103L5 J.JB3? 1^ 

1 lOlS 12639 2 

2 1015 13839 



1015 14861 
1015 06A25 



S 1 

_S 0. 



001 
002 
003 
004 
005 



001 
002 



MAR06 



8.6/ 0,0 



MAR06$ 
9,5/ 0,0 



2,5 



liO 
liO 



5,5 



ARI ARM 



MAG 
MAS 
MAG 



MA60 
MAQl 
MAG2 



MAG MAGS 



160 



220 

219 

_215_ 



219 



1019 06A34 8 1 
2 
1 
_2_ 



1 
2 



1019 10A12 
1019 11A12 
101 9 1 2A12 



2 1019 13A12 



001 
002 
003 
004 
009 



MAROT 



9,9/ 0,0 



8,5 
8,5 



2.0 
1.0 



1.0 
liO 
5.0 



DAM 
ARI 



0AM 
ARM 



ARI 

MAG 



AR|8 
MAQO 



MAS 
MAO 
MAS 



HAQl 
MAQ2 
MAG8 



345 

135 



040 
229 



220 
220 

_tao. 



1019 14899 S 1 

1 1019 06A29 8 




A. 



1015 e7Aii 

1015 10A16 



2 

1 

_2_ 



1019 ilA16 
1015 12A16 
iflti 13A16 



8 1 
t 



1 
2 

JL 



001 
002 



001 
001 
003 
004 
Ml 



MAR078 
8,9/ 0,0 



MAR08 



5^0/ Cfl 
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8i5 



10 



8 
2 

10 



10 



8 
2 



12 



3 
11 



DAM DA M 



ARI AR18 



ARI ARI8 
MAS MA60 
HAS MA6i 



MAS MAQ2 
MAG HAQ3 



DAM 0AM 
ARI ARI8 



ARI AR|8 



MAG MA60 
MAG MAGI 
MAG MAG2 



MAG MAGS 



DAM DAM 
ARI ARI8 
SCDSCDC 



ARI ARI8 



MAG MA60 
MAG MAGI 
MAG MAG2 



MAG MAGS 



"DAM DAIT" 
ARI ARI8 

ten scoc 



ARI ARll 



MAG 
MAG 
MAG 



MAQO 
MAGI 
MAQ2 



MAG MAGS 



"WM WtfT 
ARI ARU 
SCD SCDC 



300 



053 



050 

230 

.225^ 



225 

225 



290 
080 



120 



235 

230 
230 



230 



355 

110 
065 



155^ 



240 
235 
235 



235 



380 

130 

J95_ 



_e40_ 



245 

240 
240 



240 



055 
090 





1 

_2_ 



1 

2 



1 
2 




1 
2 




1 



1 

2 
1 




1 
2 



Bl5 14B48 8 1 



015 07A14 S 



015 e7A13 
015 10A20 
015 ilA2l 



015 12A20 
015 13A20 



015 14943 
01 5 07 A15 



S 1 
2 

2 





S 1 



015 07A27 



015 10B67 
015 11B87 
Ol5_12i8I_ 



015 13867 



S l_ 
2 

1 





015 14863 S 1 
015 07A25 S 2 
0lL_02Ai6„_8 



018 07A34 A 1 
015 10865 2 
015 11B65 1 

015 12B 65 2 

015 13B65 b 



015 14B64 
015 e7A29 
015 02A2 ^, 



S 1 
8 2 

_8_0., 



015 -08 A 11 



015 10B63 
0l5 11B63 
Ol5__l2i63. 



015 13B6S 



_5 X.. 
2 
1 

_ _2_ 




015 14841 T 1 
015 08A14 S 2 
01 5 02A 21 S 



001_ MARQ8S 
002 8,5/ 0,0 



001 
002 
003 
004 
005 



001 
OOf 



001 
002 
003 
Ofl4 
005 



001 
002 
005 



101. 

002 

003 

004 

005 



MAR 09" 



9i0/ 0,0 



MAR09S 
_8a.5/_iLJ 



ilARlO. 



10,5/ 0,0 



001 MARIOS" 

002 

003 10V5/_OiO 



eoi„ 

002 
003 
004 
005 



10.5/ 0,0 



MARllS 
1.QL.5/ J5_,0. 



MARlt 



12', i3'/ oVo" 



001 MAR12S 

002 

003_ 11,5/0,0 
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_Li5_ 



liO 
1*0 



4,5 



8,S 
2.5 

■ 11.0 



MAGO 
HAGl 
HA02 



MAG 
MAG 

MAG 



MAG MAGS 



DAM 
ARI 
SCD 



DAM 

ARU 

SCDC 



050 



250 
249 

_M9_ 



245 



275 

060 
090 



Jl__UliJ-fllAll- -S-JL- 

1 1015 10*30 2 

2 1019 ilASO 1 

i. 1015 i2A36 i. 

2 1015 13A30 



1019 14839 S 1 

1 1015 08A19 S 2 
g 1019 2A19 S Ql 



002 
003 

009 


_MAR13 .„ _ 

4,5/ 0,0 


'ooi ' 


MAR13$ 


002 


_114JI/-Jl4 0__ _^ 



Ja3_ 



1.0 
1.0 



4,3 



ARI ARU 



MAG 
MAG 
MAG 



MAGO 
MAGI 
MAG2 



MAG MAGS 



120 



259 

250 
J50_ 



250 



1015 08 A2y S_i_ 

1 1015 ldA26 2 

2 1019 11A26 1 

< 1015 12A 26 2 

2 1015 13A26 



001__ _MAR1_4. 
002 
003 
.0.04- 
005 



4,3/ 0,0 



8,5 
2.5 

1 1.0 



DAM 
ARI 



DAM 

ARU 

SCDC 



370 
110 
070 



1019 14867 S 1 

1 1019 08A29 S 2 
_2 t&i5_iZkll—3^JL 



001 MAR148 
002 
.001 ii.^0/- O^O^ 



1.3 



1,0 
1,0 
1.0 



4.3 



ARI ARU 



MAG MAGO 
MAG HAQl 
MAG MAG2 



MAG MAGS 



155 



260 
255 
255 



255 



1019 08A34 S_i 0_0l 

1 1019 10A24 2 002 

2 1019 ilA24 1 003 
i_l0l9_12A24 2 OM. 



2 1019 13A24 



009 



HAM? 



4,3/ 0,0 



8,5 
2.5 

Alii 



DAM 
ARI 
SCD 



DAM 

ARU 

SCDC 



369 

130 
060 



1019 14869 S 1 

1 1019 08A29 S 2 
f, ^015 02A19 S 



001 MAR19S 
002 
J03l II4&/ 0-»0- 



JLi5_ 



0.5 
0.5 



5.8 
7.8 



0.5 
5,0 



5.0 
10.5 



AR! ARIO 



ARI 
ARI 
ARI 



ARI 

MEM 



ARI 
ARI 



DAM 



ARID 
ARI4 
ARI4 



ARI8 
MEM 



ARIO 
AR|4 

MBM 
DAM 



All. 



149 

150 

_120_ 



lis 

935 



035 
040 



380 
325 



tf lftl5 fl5A26 

1 1019 09A32 

2 1019 06A32 
1 ^fllS fl6A26 



2 
1 



I0l9 07A26 
10l5 09B44 



1015 05A10 

1 1015 06A10 



2 

1 



1 
S 



1 
2 



2 1015 09812 S 1 
I 1019 14853 



-001 
002 
003 

_QQ.4 
009 
006 



001 
002 
003 
004 



J.AR1JRL« 



7,8/ 0,0 



MBtDADLB 



10,9/ 0,0 



SYSTEM NAMB SIGNAL UIST OWNQ NO 545222 R~VI 181' RAOi 43 



C L NTH NATE CKT E QU A TION iO L 10 U L OC A TieN S U " HT WSIQ 8 | QNAL - NAMg- 



2.0 


M"D 


M"D 


515 





1015 


04B19 


S 


1 


001 


MBLDAOLBOo 


5,8 
7,8 


MEM 


MEM 


390 
140 


1 
2 


1015 
1015 


09il9 
17B19 


8 


2 




002 
003 


7,8/ 0,0 


0,5 
5.0 


ARI 
ARI 


ARI8 
ARU 


035 
035 



t 


1019 
1015 


07A10 
08A10 




1 

2 


001 
002 


MBLOAORB 


4.3 
9.8 


MEM 
DAM 


MEM 
DAM 


370 
185 


2 
1 


1015 
1015 


09910 
14814 


S 


1 



003 
004 


9,8/ 0,0 


2.0 
5,8 


M«D 
MEM 


M"0 
MEM 


510 
385 



1 


1015 
1015 


04817 
09813 


S 


1 
2 


001 
002 


MBLOADRBO- 


7.8 


prs 


P»f8 


145 


2 


1815 


17816 


s 





003 


7V8/ 0,0 


1.0 
0.5 
1.5 


MEM 
ARf 
ARI 


M6M 

ARM 

ARID 


160 
190 
185 



1 
2 


1015 
1019 
1019 


e9ASS 
06A40 
09A40 


s 


1 
2 




001 
002 
003 


MBLOHCLB 
l*i'5/ 0.0 


0,5 


MEM 


M6M 


150 





1015 


09A33 


s 


1 


001 


MBLDMCR8 


0,5 
1.0 


ARI 
ARI 


ARIl 
ARI8 


185 
185 


I 
2 


1015 
1015 


08A40 
07A40 




2 




002 
003 


1,0/ 0,0 


1.0 
2.0 


INR 
M-D 


|NR 
M-D 


665 

080 



1 


1015 
1019 


03868 
04B48 




1 

2 

1 
2 




001 
_ 502 


MBROO- 


2.5 
3,5 

9.0 


ARI 
AOf 
ARI 


ARI8 

ADr 

ARIO 


380 
345 

180 


2 

1 
2 


1015 
1015 
1015 


078li 
01804 
05A39 


s 


003 
004 
005 

001 


9.0/ 0.0 


1.3 


ARI 


ARI8 


370 





1015 


07809 




1 


MBROOD 


1.3 
2.6 


M-n 
ADf 


M-D 
ADF 


085 
355 


1 
2 


1019 
1015 


04819 
01806 


s 


2 




002 
003 


2,6/ 0,0 


l.O 
1.0 


ARI 
ARI 


ARI8 
ARIO 


385 

400 




1 


1015 
1015 


07812 
05817 


s 


1 



001 
002 


M8R01 
iVO/ 0.0 


3,0 


ARI 


ARIO 


255 





1019 


05A54 


s 


1 


001 


MBROl- 


2,5 
5,5 


ARI 

INR 


AftI8 
INR 


375 
575 


I 

2 


1019 
1019 


07810 
03850 




2 




002 
003 


9,5/ 0,0 


5,0 
5,0 


ARI 
ARI 


AR|8 

ARIO 


460 
135 



1 


1015 
1015 


07827 
05AS0 


s 


1 



001 
. 052 _ 


M8R0S 
._-_5xO/_OaO 
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3.9 


ARf 


ARID 


279 





1019 


09A9B 


S 


1 


JJll-_ 


MBR02- 


2iO 
5,5 


ARI 


AR|S 
INR 


4S0 
960 


I 

2 


1019 
1019 


07831 
03847 




2 




002 
003 


9,5/ 0,0 


3.0 
3.0 


ARI 
ARI 


ARI8 
ARIO 


479 

330 



1 


1019 
1019 


07830 
05A69 


s 


1 



001 
002 


MIR03 
S'.'O/ 0.0 


3.0 


ARI 


ARIO 


319 





1019 


05A66 


s 


1 


001 


HBR03* 


2.0 
5,0 


ARI 

INR 


ARI8 

INR 


469 

499 


1 

2 


1019 
1019 


07828 
03834 




2 




002 
003 


9.0/ 0.0 


3,5 

3.0 


ARI 
AR! 


ARM 
ARU 


189 

380 




1 


1019 
^019 


e6A39 
fl881i 


s 


1 
2 


001 
_ Ml- 
003 


MBR04- 


6,5 


INR 


INR 


659 


2 


1019 


03862 







6.9/ 0.0 


2,0 
2.0 


ARI 
INR 


ARU 
INR 


370 
389 



I 


1019 
1019 


08809 
03812 


s 


1 



001 
002 


HBR04B 
2.0/ 0,0 


1.0 
1.0 


ARI 

ARI 


ARU 
ARI 4 


389 
419 




1 


1019 
1015 


08812 
06817 


8 


1 



001 
002 


HBR09 
1.0/ 0.0 


3,0 


Aor 


ADF 


460 





in' 


01827 




1 


001 


MBR09a 


1.9 

3,0 
7,5 


INR 
ARI 
ARI 


INR 

ARI4 

ARU 


920 
260 
379 


1 

2 
1 


1019 
1019 
1815 


03A67 
06A94 
08810 


8 


2 

1 



002 
003 
0(4 


7'.9/ 0.0 


5.0 


ARI 


ARU 


499 





1015 


08827 




1 


001 


HBR06 


5,0 


ARI 


ARM 


140 


1 


1019 


e6ASQ 


S 





002 


5V0/ 0,0 


1,0 
2,0 
3.9 


Aor 

INR 
ARI 


ADF 
INR 
ARU 


470 
919 

479 




1 

2 


1019 
1015 
1015 


01829 
03838 
08831 




1 

2 

1 


001 
002 
009 


MBR06* 


6,5 


ARI 


ARM 


280 


1 


1019 


06A98 


s 





004 


6.9/ 0.0 


3,0 

3.0 


ARI 

ARI 


ARU 
ARM 


470 
339 



1 


1019 
1019 


08830 
06A69 


8 


1 




001 
002 


MBR07 
3.0/ 0.0 
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-iaJL 



2iO 

3,0 

_lxJL 



ADF ADF 



tNR INR 
ARI ARIl 
ARf ARM 



550 



415 

460 

MO. 



-D 1 15 01 S 45 



JM MBRpy* 



1 1015 03B18 2 002 

2 1015 08B26 1 003 
A 1015 06A66 S Q !3lQ4_ 



±191^3^3^ 



AjlI. 



5,8 

liO 
2.0 



10.3 



ADF ADF 



M-D M»D 
HEM MEM 
ARI AR18 



INR INR 



535 



035 
200 



J 1015 01842 



080 



1 1015 04958 2 

2 1015 09A43 1 
1 101 5 Q7Agf _j_a_ 



2 1015 03A19 



_{LQ1___ _HiJll8_«L 



002 
QOS 

JQJ)4 

005 10 ,'3/ 0.0 



OiO 



ARI ARI8 



410 



1015 07B17 S 



001 MBR09 



1.0 
liO 


HEM 
ARI 


MIH 
ARI8 


215 
255 



1 


1015 
1015 


09A48 
07A54 


S 


1 




001 
002 


MBR09* 
IVO/ 0.0 


0,0 


ARI 


ARI8 


135 





1015 


07A30 


S 





001 


MiRlO 


4,3 

2.0 


ADF 

INR 


ADF 
INR 


800 
325 




1 


1015 
1015 


01B55 
03A68 




1 

2 


001 
002 


MBRIO- 


3.0 
9.3 


ARI 

MEM 


ARI6 

HEM 


275 

010 


2 

1 


1015 
1015 


07A58 
09A05 


s 


1 



003 
004 


9,3/ 0.0 


0.0 


ARI 


ARI8 


330 





1015 


07A89 


s 





001 


MBRll 



5,0 
2.0 


Aor 

INR 


ADF 

INR 


540 
230 



1 


1015 01B43 
1015 03A49 


1 
2 


001 
002 


3.0 
10.0 


ARI 

MEM 


ABI8 

MiM 


315 

020 


2 
1 


1015 07A68 
1015 09A07 


8 1 




003 
004 



MBRll. 



10,0/ 0.0 



3,0 
5.0 


Aor 

ARI 


ADF 
ARIl 


095 
180 



1 


1015 Q1A22 
1015 08A39 


1 
S 2 


001 
002 


HBR12* 


8.5 
14,5 


MEH 
PI 


MiM 
PI 


505 

150 


2 
1 


1015 09B38 
1015 15A4S 


1 



003 
004 


14,5/ 0,0 


0,0 


ARI 


ARU 


405 





1015 08B17 


S 


001 


MBR13 
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_3xB_ 



4,3 

9.0 
12i3 



ADP Aor 



ARI 

MEM 



ARIl 

M6M 

_Pi 



160 



255 

915 

_153_ 



_0 101? 01A?» 



1 

2 



1619 08A54 
1019 09B40 
1019 15B08 



S 2 

1 
Q_ 



JM M|Rli-: 



002 
OOS 



__12.3i_0-»A. 



0.0 



ARI ARIl 



139 



lOjg Q8A30 8 



_Qill- _-«IRll 



-JU5_ 



4,3 

6,5 

14.3 



A Pr ADF 



ARI 

MiM 



ARIl 
HEH 
_PJ 



JtllL 



275 

920 



B 1B19 BlA4t 



1019 08A58 
1019 09841 
1 019 i SA Jy, 



2 

1 



Ml -Mflfili. 

002 
003 
J.04 l#.l/_fl.^0_ 



0.0 



AR! ARIl 



330 



1019 08A69 8 



_Mi MiRl9. 



3j5 



3.9 

9.8 

12.6 



ADr ADF 



ARI 

MEM 

_P1_ 



ARIl 
MEM 
_&1 



JM. 



819 
499 



B tfllS 01A31 



1 
2 



1015 08A66 

1015 09B36 

JJ1 9 15 A6 9 



S 2 

1 
.0- 



ittL _M_BBl9s. 



002 
003 
flJL4 l2»8/.-fi.*QL 



2l5_ 



0,5 
0,5 
0.5 



3.9 

7,0 



9.0 
_1aJL 



1.0 

1.0 

-IxJL 



10,0 



8CP SCOC 



ARI 
ARI 
ARI 



ARIO 
ARI4 
ARI8 



ARI 



ARIl 
MEM 



ARI 

MAG 



AR|0 
MAQO 



MAQ 
MAG 
MAG 



MAQl 
MA02 
MAQ3 



DAM DAM 



039 



179 

180 
179 



179 

390 



309 

049 



040 
040 
040 



210 



1019 02A10 S_l_ 



1 
2 



1019 09A38 
1015 06A38 
1019 Q7A38 



2 
1 



1015 06A38 
1019 09B09 



2 

1 

_2- 




_1- 



2 

1 
A. 



1019 05A64 
1015 10959 



1019 11899 
1015 12859 
101 5 13859 



1 
S 



1 1019 14821 S 



S 1 

_^ 

1 
2 

1_ 





001 


MBRQR- 


002 
003 
004 




009 
006 


7,0/ 0,0 


001 
002 


MCDIOO 


003 
004 
.009 . _ . 



006 10,0/ 0,0 



9,8 

1,0 
ItQ 



1,0 
1,3 

10.1 



ARI 

MAG 
MAG 



MAG 
MAG 
DAM 



ARIO 
MAQO 
MAQl 



MAQ2 
MAQ3 
DAM 



270 
090 
049 



045 
049 
299 




1 



1019 05A57 
1015 10853 
I0l9 11B9JL 



1 
2 

_1- 



1 1019 12893 2 

2 1019 13893 I 
1 10 19 14B33_ S 



001 
002 
_803 
004 
009 
006 



MCDIOl 



10.1/ 0.0 
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_5x(J_ 



liO 
liO 
I 'i'Q 



li3 
9.3 



9i0 



liO 
liO 
1.3 



AR! ARIO 



MAS HAQO 
MAQ MAGI 
MAQ MAQg 



HAS 
DAM 



NA63 
DAM 



AR! ARIO 
MAQ MAOO 



MAS NAQl 

MAQ HAG2 

MAS MAe3 

TAM PM" 



M9_ 



059 
090 
090 



090 
269 



280 
0*0 



099 
099 
099 



1 019 P5A6B S 1 



1 1019 10891 2 

2 1019 11891 1 
-1 1019 JMJJl 2_ 



2 1019 13B91 1 
1 1019 14839 S 



1019 09A99 
1D1 9 108 4 9 



1 



260 



2 1019 11849 1 

1 1019 12849 2 

2 1019 13849 1 



1 1019 14834 S O' 



001 


MCDI02 


002 
003 

OQi 




009 
006 


9,3/ 0.0 


001 


MCDI03 



003 
004 
009 



004 



9,3/ 0,0 



3,9 

liO 



l.O 
1.0 
7.9 



"ARl ART^ 
MAQ MAQO 
MAQ HAQ l 



MAS MAQ2 
MAQ MAQ3 
DAM QAM 



310 
069 
060 



060 
060 
220 



1019 e6A64 S 1 001 

1 1019 i0827 2 002 

2 1019 11827 1 O.Q3_ 



1 1019 12827 2 

2 1019 13827 1 
1 1019 14828 S 



004 
009 
006 



MCDI04 



Ij9/Jii0_ 



3,9 



1.0 
1.0 



1,3 
7.8 



4,3 

1,0 



1.0 



8,3 



AR! ARM 



MAQ MAQO 
MAQ MAQl 
MAQ MAQ2 



MAQ MAQ3 
DAM DAM 



ARt ARI4 
HAS MAOO 



~MA8 mw 

MAQ MAQ2 
MAQ MAS3 



DAM DAM 



279 



070 
069 
069 



069 
219 



290 
079 



1019 06A97 S 1 



1 1019 10829 2 

2 1019 11929 1 
1 1019 1282 9 J.. 



2 

1 



1019 13829 
1019 14822 



1 
8 



070 
070 
070 



1019 06A60 
1019 10831 



S 1 
2 



229 



1 1019 14829 8 



001 

002 

003 

M4_ 

009 

006 



001 
002 



2 1019 11831 1 003 

1 1019 12831 2 004 

2 1019 13B31 1 OJ}S_ 



006 



MOD 1 09 



7V8/ 0,0 



MCDI06 



8,3/ 0,0 



4,3 

1.0 
JulOL 



ARI AR|4 
MAQ MAQO 
MAQ MAQl 



080 
079 



079 
209 



1019 06A99 W 1 001 

1 1019 10829 2 002 
? 10 1 9 11829 1 03 



MCDI07 



1.0 
1,0 
8,3 



MAQ MAQ2 
MAQ MAQ3 
DAM DAM 



1 1019 12829 2 004 

2 1019 13829 1 009 
_l 1019 14819 S 006 



8.3/ 0.0 
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-Ul. 



iVo 



3,0 
TVS 



1|5 



liO 
iVo 



5,5 



ARt ARI8 



HAG 

MAO 

MS- 



HAGO 

HAGt 
MAQ2 



HAG 
OAH 



MAQ3 
DAM 



ARI 
MAG 



ARIB 
MAQO 



MAG 
MAG 
MAG 



MAQl 
HAQ2 
HA63 



DAM DAM 



Ml. 



009 
OSQ 



080 
169 



870 
0»0 



089 
089 
089 



0f9 



ft <n<8 n7k64 S 1 



I 

2 



2 
1 



1019 iOA4» 
I0l5 UA4» 
1019 12 A4» 



1019 13A49 
1019 14809 



1019 07A97 
10 19 iOASS 



2 

1 
2 



1019 11A93 
1019 i2A9S 
1019 13A58 



2 

1 



1 





8 1 



1 
2 

JL 

1 1019 14A93 8 



OQl MCDI08 



002 
003 
04 



009 
006 



001 



003 

004 

J.Q9. 



006 



7,3/ 0,0 



MODI 09 



9; 5/ 0,0 



1.3 

1.0 



1.0 
3,0 



ARI 
MAG 

MAG 



MAG 
MAG 
DAM 



ARI8 
MAQO 
M *B 1 



HAQ2 
MAQ3 
DAM 



289 

099 
090 



090 

090 

_1M- 





1 

X 



1 
2 



1019 07A60 
1019 10A47 
1019 iiA47 



1019 12A47 
1019 13A47 
1019 14BiQ 



1 

2 



2 
1 

JL 



001 
002 

_ftil3L 



004 
009 
006 



MCDUO 



7,3/ O4 



111. 



1.0 
1.0 

_1lO_ 



1.3 
6.3 



2.:0 



1.0 

l'«,0 
2.'Q 



7,0 



AR! ARI 8 



MAG 
MAG 
MAG 



MAG 
DAM 



ARI 

HAG 



MAG 
HAG 
MAG 



MAQO 
MAQl 
MAQ2 



MAQ3 
DAM 



ARU 
MAQO 



MAQl 
MA02 
MA03 



DAM DAM 



880 



100 
099 
099 



099 
090 



309 



100 

too 

100 



100 



1019 07A59 » 1 



I 
2 



1019 10A33 
1019 ilA33 
1019 12A33 



2 

1 



1019 13A33 
1019 14A91 



2 

1 

X 



1019 08A64 
1019 1DA27 



1019 ilA27 
1019 12A27 
1019 13A27 



2 

1 
A. 



1 
S 



S 1 
2_ 



1 

2 

X 



1 1019 14A59 $ 



001 MCDUl 

002 

003 

014 



009 
006 



001 
Ml. 



003 

004 

_0M_ 



006 



6.3/ 0.0 



MCDI12 



7,0/ 0,0 



1.5 

iVo 
iiQ 



1.1 

'1.3 
9.8 



ARI 
HAG 
MAG 



ARU 
MAQO 
MAQl 



MAG 
MAG 
DAM 



HAQ2 
HAQ3 
DAM 



270 

110 

_lfl9_ 



109 
109 
089 





1 

X 



1 

2 

X 



1019 08A97 
1019 10A39 
1019 llAgff 



1019 12A39 
1019 13A39 
1019 14A49 



t 1 
2 

1_ 

2 
1 

S 



001 
008 
008 



004 

009 

_fiil6_ 



MCDI13 



8 ^8/ 0.0 



SYSTEM NAME SIGNAL LIST DWNQ NO 949822 RVI iOI PAfli *9 



C LNTh NflTF HKT EQUATION FQl eo 



--S-Ua- WT _ WSB8- S |4!NAt- WAMt 



_2^JL 



liO 



2iO 
7.0 



2.9 



liO 
1.0 



7,5 



liO 
1.0 



4,3 
7,3 



1,0 



1,0 
5.0 
B.O 



6,9 



1,0 
1,0 

_i,o 
171^ 

11,0 



6,5 

1,0 
1,0 

2,0 

Tr,x 



AR! ARIl 



MAG 

HAG 
HAG 



MAGO 
MAGI 
MAQ2 



MAG 
DAM 



MAGS 
DAM 



ARt 
HAG 



ARIl 
MAGO 



HAG 

MAG 
HAG 



MAQl 
MA62 
MAGS 



DAM 0AM 



inre" 

MAG 
MAG 



MAGO 
MA61 
MAQg 



MAG 
DAM 



MAQ3 
0AM 



MAG 
HAG 



MAGO 
MAGI 



MAS 
MAG 

DAM 



MAG2 
MAGS 
DAM 



ARl ARIO 



HAG 
HAG 
HAG 

DAM 



NAGO 
MAQl 
MAQ2 



0AM 



ARI 
MAG 



ARIO 
MAGO 



MAG 
MAG 
MAG 



MAQl 
HAQ2 
MAGS 



205 



DAM DAM 



115 

110 

_110_ 



Jl 1015 fllAJQ $_ji 



110 
105 



280 
All. 



115 
115 

AiL 



080 



030 
030 



030 
245 



035 
035 



035 

035 

_li0_ 



215 



125 

120 
120 



270 



2 
1 



1015 10A25 

1015 11A29 

-iSi5_l2A25 



1015 13A25 
1015 14A57 



2 
1 
2 

i 





190 
130 



129 
125 

125 



1015 08A59 S 1 

1015 1 0A19 2 

1015 11A1» 1 

1019 12*19 2 

JLOjg i3Alg _l.. 



2 
1 

2_ 
1 



1019 14A47 S 




1 



1 
2 



lOiTTOASl 
1015 11A91 
1015 i2k5i 



1015 l3A5i 
1015 14B30 



1 
2 



2 
S 



2 

1 
2_ 



1015 10A21 
-1019 11 A 2 1. 
1015 12A21 
1019 i3A2l 
1019 14819 



_0 1015 05A46 



1 
2 

1 



2 
1 



1015 10861 
1015 11861 
1019128 61 



1015 13861 
1015 14837 



1 
_2 

1 
2 



__1 
S 2 
S 1 
S 2 



S 1 





Ql_ 

002 

003 

004 

009 

006 



001 

002 

003 

004 

0J9. 

006 



.HCD114_ 



7,0/ 0,0 



MCD119 



001 
002 
OQS 
004 
005 



7V5/ 0,0" 
"MCDiRi, 



001 
002 
003 
004 



001 
002 
003 
004 
009 
006 



7.3/ 0.0 

MCDIRR 

-JiQ/ fljO 
MCDOOO 



11,0/ 0.0 



1019 09A41 1 001 

1 1019 10859 8 2 0(I2_ 

2 1015 11899 S 1 003 

1 1019 12859 8 2 004 

2 1015 13859 S 1 QQ9 



MCDOOl 



1 1015 14831 



006 11.5/ 0,0 
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5i 9 



liO 
liO 



li5 

10.3 



5|8 



1.0 
1.0 
1.3 



10.1 



ARI ABIO 



MAS 
NAG 

MAS 



MAQ 
DAM 



HAQO 
HAQl 
MAG2 



MASS 
OAH 



ARI 
MAQ 



ARID 
HAQO 



MAQ 
MAQ 
MAQ 



MAGI 
MAQ2 
MAQ3 



0AM, DAM 



2 2g 



13S 

190 

_tie_ 



130 
280 



210 
_liO_ 



159 
ISS 
139 



240 



J3 intg nSA48 



1 

2 
X 



1815 10B57 
lOlS 11857 
101 9 1 21 97 



S 2 
8 1 
S 2 



1015 1SB97 
1015 14840 



1019 05A49 
1 19 1Q 847 



1 



2 
1 
2 



1019 11847 
1019 12B47 
1 1 9 13847 



1 1019 1482» 



S 1 
S 2 

JLL 



002 

003 

ftM_. 

009 

006 



001 
002 



003 

004 

_0.Q9_ 

006 



MCDBQ2 - 



10.3/ 8.0 



MC0003 



10.1/ 0,0 



5.0 
1.0 



1.0 
1.9 



Atl_ 



liO 

liO 

_U5_ 



1.3 
9.3 



4.3 



1.0 

1.0 

_1jJL 



8.3 



ARI 

MAQ 
MAQ 



ARM 

MAQO 
MAQl 



MAQ 
MAQ 
PAM 



HA62 
HAQ3 
DAM 



AR! ARI4 



MAQ 
MAQ 
MAG 



MAG 
DAM 



HAQO 
MAGI 
MA62 
HAQ3 
DAM 



ARI 

MAQ 



ARI4 
MAQO 



MAQ 
MAQ 
MAQ 



MAGI 
MA62 
MAQ8 



DAM DAM 



220 
149 

JAJL 



140 

140 

^19_ 



199 



190 
149 
149 



149 

200 



230 
155 



150 

150 

AM. 



230 




1 



1019 06A4A 
1015 10849 
1019 11845 



1 
S 2 
8 1 



1 
2 

_1_ 



1019 12845 
1019 13845 
1019 14828 



S 2 
8 1 

0- 



8 1819 B6A41 



1 

2 



2 
1 



1019 10833 
1019 11838 
1019 12 838 



S 2 
8 1 



1819 13833 
1819 14817 



8 1 





8 



1019 e6A4B 
1819 10828 



1 
^2_ 



2 
1 



1819 11828 
1019 12823 
1 1 9 13828 



1 1819 14827 



8 1 

8 2 



001 

002 

JL03L 



MCD004 



804 
009 



JJ>1_ 
002 
803 

Jli>4_ 
009 
006 



001 



803 

804 

_OQf_ 

006 



__i4i/__B4-D. 
M0080.? 



9,3/ 0.0 



MCDe06 



6.3/ 8,0 



4.3 

liO 



1.0 
ItS 
8.6 



ARI 

MAQ 
MAQ 



ARM 

MAQO 
MAGI 



MAQ 
MAQ 
DAM 



MAQ2 
MAQ3 
DAM 



215 

160 

A55_ 



195 

155 

195 





1 

JL 



1815 86A45 
1815 10821 
10^5 11821 



1 
2 



1815 12821 
1815 13821 
1815 1481ft 



1 
S 2 



8 2 
8 1 

Q_ 



001 
002 

_flOl. 
004 
005 



MgD007 



■ txi/ 8.0 . 
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ItS 



liO 

liO 

_tx5_ 



3,0 
7,3 






ARI AffIS 



MAO 
MAG 
MAS 



HAQO 
HAGi 
MAQg 



HAG 
DAH 



MAQ3 
DAM 



ARl 
MAO 



ARIS 
MAQO 



215 



165 

1«0 
160 



1015 fl7A46 



160 
175 



1 
2 



2 

1 



1015 
1015 
1015 



1815 
1015 



i0A55 
11A55 
IgAgg 



13A59 

i4iii 



s 
s 

J 



190 
_170_ 







1015 07A41 
-1 15 iOA4 g 



1 



00_1 
002 
003 
0fi4_ 



MCOOOl 



005 
006 



7,3/ 0,0 



001 



MCD009 



liO 
liO 



6,0 



IVO 



liO 

3,5 

JLl8_ 



li5 



1,0 
IJO 
liO 



1,5 

6,0 



1,0 
liO 

TTo" 

liO 
li5 



5,5 



HAG 
MAG 
MAG 



MAOl 
MAQ2 
MA03 



DAM 0AM 



ARI 

MAG 
MAG 



"AWTF 
MAQO 
MAQl 



MAG 
MAG 
DAM 



MAQ2 
MAGS 
DAM 



ARI AR|8 



MAG 

MAG 
MAG 



MAQO 
MAQl 
HAQ2 



MAG 
DAM 



MAQS 
DAM 



ARI 
MAG 



ARll 
MAQO 



HAG 
MAG 
MAG 



MAQ2 
MAGS 



DAM DAM 



165 
165 

_li5. 



135 



2 1015 11A4P S 1 

1 1015 12A49 S 2 

_2 1015 t3A4g 8 1 



1 1015 14A6T 



TI5- 

175 

A70L 



170 

170 

_180_ 



1015 07A48 1 

1 1015 10A39 S 2 

2 1015 11A39 S 1 



1 1015 12A39 S 2 

2 1015 13A39 S 1 
1 1 01 5 148 1 3 ^0. 



210 



1015 07A4f 



100 

175 

A75_ 



175 
125 



1 1015 iOA4i S 2 

2 1015 ilA4i S 1 
1 1015 12A 4I 8 2 



2 
1 



1015 13A4i 
1015 14A6f 



S 1 





215 
185 

TIT 
180 
180 



1015 08A46 

1 1015 iOA 37 

2 1015 11A37 S 1 



1 
S 2 



1 
2 



1015 12A37 
1015 l3A3y 



S 2 
8 1 



110 



1 1015 14A59 



003 
004 
005 
006 



001 
002 
003 
004 
005 
006 



001 



002 
003 
004 
005 
006 



001 

002_ 

003 

004 

005 

006 



6,0/ 0,0 

Mceoio ~ 



. 7iM_eiO„ 

MCD811 



6V0/ 0,0 



MCD012 



T.S/ oVo" 



1.3 

1.0 
1.0 



1.0 
1.5 
5,8 



ARI 
MAG 

MAG 



AR|1 
HAQO 
MAQl 



MAG 

MAG 
DAM 



"MAW 
MAQ3 
DAM 



190 
190 
185 



TIT 
185 
075 



lOTf^ 08A41 1 

1 1015 10A2S S 2 

2 1015 11A23 S 1 



1 1015 i2A23 '8 2 

2 1015 13A2S S 1 
1 1015 14A49 



001 
002 
003 
004 
005 
006 



MCDfll3 



5V8/ 0.0 
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-IjlI. 



1.0 
1.0 
1.0 



2.5 

7,5 



2.0 
1.0 



1.0 

1.0 

-2xO_ 



7,0 



1.0 
1.0 
1.0 



4,3 

7,3 



1,0 



1.0 

1.5 

Jill. 



AR! ARU 



MAQ 
HAG 
MAQ 



HAQO 
MAQl 
MAQg 



MAQ 
DAM 



HAQ3 
DAM 



ARI 
MAG 



ARU 
MAGO 



MAQ 
MAQ 
MAQ 



HAQl 
MAQ2 
HAQ3 



DAM DAM 



MAQ 
MAQ 
MAQ 



HA60 
HAQl 
HA82 



MAQ 
DAM 



MAQS 
DAM 



MAQ 
MAQ 



MAQO 
MAGI 



MAG 
MAG 
DAM 



HAQ2 
MAGS 
PAH 



J15_ 



195 

190 
190 



190 
115 



210 
200 



195 
195 
195 



070 



020 

020 

J150. 



020 
050 



025 
025 



025 
025 
055 



1Q15 06A48 



1 1015 10A17 S 2 

2 1015 11A17 S 1 
-1 1015 i 2 A17 8 _2_ 



,001 MfiJ3Qi4 

002 
003 
05 4 _ 



2 1015 13A17 S 1 005 

1 1015 14A61 006 7,5/ 0,0 



1015 06A49 
1015 10A15 



1 

2 1015 11A15 S 1 

I 1015 12A15 8 2 
g 1015 13A1 5„ JLJL_ 



1 1015 14A43 



1015 10819 1 

1 1015 11B19 2 
g 101 5 12B19 JL- 

2 




1 1015 I3il9 

2 1015 14A39 



1015 lOAlS 

1 1015 i lAl S 



8 1015 12A13 

1 lOlS 13A13 

2 1019 14A37 



1 
2_ 



1 
2 



001 
002 
003 
004 
J05 
006 



001 
002 
JiJS 
004 
009 



MCDfllS 



7V0/ 0,0 

"Mcbepj. 

7V3/ 0,0 



001 MQDOPR 

_eftf_ 

003 
004 
Oft? 4'i5/ 0,0 



JjlO. 



3,0 



MEm H6M 



SCO scoc 



3«0 



390 



1015 098 ^7. 



1 1015 02i2« S 



001 . MjgfNfs _„ 

002 3,0/ 0,0 



5.0 
5,0 



3.0 
0.5 



0.5 
0.5 
5.8 



10.3 



mem 

SCD 



SCD 
ARI 



ARI 
ARI 
ARI 



mbm 

SCOC 



SCDC 
ARIO 



AR|4 
ARIS 
ARU 



DAM DAM 



235 

405 



015 
295 



300 
295 
295 



015 



1015 09A50 1 001 

1 1015 02831 S 002 



1015 02A06 
i 1019 05A62 



2 1015 D6A6g 

1 1015 07A62 

2 1015 06A68 



1 



1 
2 



1 1015 14A09 S 



MCENMA8 
5,0/ 0,0 



001 
.8.02 
003 
004 
0Q5 
006 



MCENMB 



10.3/ 0,0 



0,0 



mem mem 



445 



1015 09826 S i 
t IOI5 I0A36 



001 MCFENO* 
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5.8 



MlQ._ilAGi. 
MEM MEM 



01 0_ 
540 



.5 -_10_l5_lliL3« 1 

1 1015 09B49 S 



001 MCfENt- 

002 9,8/ 0,0 



6,5 

6,5 



6,5 
ix5_ 



MAG MAQZ 
MEM MEM 



MAG 

MEM 



MAG3 



010 
550 



010 
525_ 



6 iOl5"l2A34 i 
1 I0l5 09B47 S 



1019 13A36 1 
.l_._lllli^09B42 SO 



001 MCFEN2- 

002 6,5/ 0,0 



001 
002 



MCPENS- 
6,5/ 0,0 



** 



MAO MA6»i 



!MA- 



AAlAf AlMr 



m Mtrgut 



5,0 



MEM MEM 



450 



liO 
1.0 
1jJ_ 



6.0 



6,5 

1.0 
Jol. 



1.0 
9,5 



6.5 

_Li.Q_ 
1.0 
1.0 
9,5 



3.0 



1.0 
1.0 
1,0 



5,8 

2,5 

14.3 



MAG 
MAG 
MAG. 



MEM 
MAG 
MAG 



MAG 
MAG 



MEM 
MAG 



MAGO 
MAQl 
MAG2 



MAG MAG3 



MEM 

MAGO 

MAQl 



MAQ2 
HAGS 



MEM 
MAGO 



MAG 
MAG 
MAG 



MAQl 
MAQ2 
MAGS 



MEM 
MAG 
MAG 
MAG 



MEM 



MAGO 
MAQl 
MAQ2 



MAG 
PFS 
DAM 



MAQS 

PFS 

QAM 



269 

260 

26P_ 

260 



510 
270 
265 



265 
265 



480 

275 

270" 

270 

270 



J2°_ 
280 
275 
^75 



275 

130 
320 



1015 09827 S I 
i 1015 ioA'32 
2 1015 11A38 
J.__10.15. 12A1? 



2 1015 13A32 



2 1015 11A09 

1 1015 12A09 

2 1015 13 A 09 



1015 09B39 S 1 

1 1019 lOAll 2 
_-2__l0.l5__liAli I 

1 1015 12A11 2 

2 1015 l3Ali 



1015 09B33 S 1 
_1_1015_10109 2 

i 

2 





_0 1015^A67 S 1 

1' lOp 10 A 07 2 

2 1015 11A07 I 

i^_l045 12A07_ 2 

2 1015 13A07 i 

1 1015 17812 S 2 

2 1015 14B52 



001 
002 
003 
004 
005 



001 
002 
003 
004 
005 



001 
002 
003 
004 
005 



001 
002 
003 
004 
005 
006 
007 



MCriNT- 

8,0/0,0 
MCPRBT- 

9,5/ 0,0 

MCrWRT" 

?,5/ 0,0 
MCBW« 



14,3/ 0,0 



6,5 



3.0 
9.5 



DAM DAM 



MEM MEM 
SCD SCDC 



330 



245 

195 



1015 14855 



1 I0l5 09A52 2 

2 1015 02A49 S 



001 MCWRENT" 

002 

003 9,5/ 0,0 
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JLiSL 



prs prs 



fll5_ 



5.0 
0.5 

o.e 



3,5 

2,0 



tiO 

2,5 

19x3. 



DAM 
ARI 
ARI 



DAM 
ARll 



ARI 

Aor 

SCO 



ARia 

ADF 

SCDC 



M-D 
INR 

MEM 



M"D 
|NR 
MEM 



140 
145 

_115_ 
145 
310 

J_i5. 



040 
655 

530 



.IL_Aai5 

1 1015 

2 1015 
J IDli 

2 1015 
1015 
lUi?. 
1015 
1015 
-1511 



1 

2 
1 

2 



17109 
14A68 
08A32 
06A2& 
07A32 
01A65 
.02112 
04B49 
03B66 
.0914 3 



1 
2 

1 

.2 

1 

2 

1 

2 

1 

-J 



001 
002 
003 
004 
005 
006 
007 
008 
009 
010 



MRESET" 



19;3/ 0,0 



6.5 



6,5 



TTV TTY 



MEM MEM 



285 



335 



,1015 16B4_9^ 



1 1015 09A70 



I 001 MTO- 
S 002 6.5/ 0.0 



5,8 
5,8 



5,0 
-5xfl_ 



TTV 

MEM 



TTY 
MEM 



TTY TTY 

MEM M EM 



280 
365 



275 
675 



1015 16B47 1 

1 1015 09809 S 




-1_ 



1015 16B49 
1O15._O9062 



1 
SO 



001 
002 



001 
002 



MT2- 
5.8/ 0,0 



MT4- 
5,0/ 0,0 



2.0 



2,0 



MEM MEM 



M»D M-D 



275 
525 



J i0l5 09A58„ I 
1 1015 04A66 S 



001 OPTRDWR- 

002 2,0/ 0,0 



2,5 
2,5 



2.0 



PfS 

MAG 



pFS 

MAQ3 



PFS 

MAQ 



PFS 
MAGS 



300 
280 



305 
.215. 



ldl5 17A60 

1 1015 13A68 



1015 17A61 
._l-_lfll5 13>60 



1 




1 




001 
002 



001 
002 



P12V 
2V5/ 0,0 



P24V 
2,0/ 0,0 



JLiJL 



DAM DAM 



A6ft_ 



J lfll5^.l48QT SO. 



OOt PAPER 



5,8 



13,3 



5,1 
0,5 



0,5 
0.5 
7.3 



SCD SCDC 



ipr kVii 



DAM DAM 



SCO 
ARt 



SCDC 
_AR15_ 



ARI 
ARI 
ARI 



AR14 

ARIB 

MIL. 



525 



-aw- 



145 



340 

Jli_ 
020 
015 
015 



.6__iei5 .02155 1 001 
t t l li 8 1 A l i 8B Q 



1 1015 14A69 S 



1015 02B18 S 1 

1 ._iai5._.fl5AQ6 2 

2 1015 06A06 1 
1 1015 07A06 2 

_2 _lfll5„j8Ail6 



002 



001 
002 
003 
004 
005 



PARER" 
13.3/ 0.0 



PCLDAD 



7,3/ 0,0 
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1.1 


SCD 


scoc 


490 





lir^Mi 

1015 


02B48 


1 


1- pi4»CJit. 

.. 001.. 
002 
003 

001 


PCLDADS* 


9.5 

10.5 


M-D 
PfS 


M-0 
PF5 


490 
155 


1 

2 


1015 
1015 


04863 
17A69 


S 2 

S 

S 


10,5/ 0,0 


0.0 


ARI 


ARIO 


020 





1019 


05A07 


PCROO* 


10.5 
3.0 


PF8 

Aor 


PFS 
ADF 


020 
290 




1 


1015 
1015 


17868 
01A61 


1 

2 


001 
._._M2„. 
003 


PPROl* 


13.5 


ARI 


ARIO 


095 


2 


1015 


05A22 


S 


19V5/ 0,0 


10.5 

1.5 

12.0 


ARI 

Aor 


PFS 

ARIO 

ADF 


025 
030 
025 



1 
2 


1015 
1015 
1015 


17862 

05A09 
01A08 


1 

S 2 




001 
002 
._003._ 

001 


PCR02- 
12^0/ OtO 


10.5 


PF8 


PFS 


030 





1015 


17861 


1 


PCR03* 


2iO 
12.5 


AOr 

ARI 


ADF 
ARIO 


175 

085 


I 

2 


1015 
1015 


01A38 
05A20 


2 

8 


002 
003 

001 
002 
003 

"Obi ^ 
002 
003 

001 
002 


12,5/ 0,0 


10.5 
2.5 


prg 

ADf 


PFS 
ADF 


095 
195 




1 


1019 
1015 


17860 
01A42 


1 
2 


PCR04- 


13,0 


ARI 


ARM 


02?" 


2 


1019 


06A0T 


S 


13,0/ 0,0 


9,5 

2.0 
11,5 


ARI 

Aor 


PFS' 
ARM 
ADF 


040 
100 
035 



1 
2 


1015 
1015 
1019 


17859 
06A22 
OIAIO 


1 
S 2 



1 
SO" 


PCR09- 
11,5/ 0.0 


10.5 


PfS 


PFS 


045 





1015 


17858 


PCR06* 


10.5 


ARI 


ARM 


035 


1 


lOlS 


06A09 


10,5/ 0,0 


9,5 
9.5 


PFS 
ARI 


PFS 
ARM 


050 
090 




1 


1015 
1015 


17857 
06A20 


1 

S 


001 
002 


"TCR07. 
9,5/ 0,0 


9.5 
9.5 


PFS 

ARI 


pFS 
ARM 


055 
020 




1 


lOlS 
1015 


17848 
07A07 


1 

S 


001 
002 


PCR08* 
9,5/ 0,0 


9.5 


PF8 


PFS 


0«0 





1015 


17849 


1 


001 
002 


PCR09> 


9.5 


ARI 


ARM 


095 


1 


1019 


07A22 


S 


9,5/ 0,0 
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_lt5_ 



9,5 



PPS PFS 



ARI ARI6 



_fi49L 



030 



1015 17gA7_ __!-. 



1 1015 07A09 S 



Dfil PGBiA*: 

002 9,5/ 0,0 



9,5 
9,5 



9,5 
_ia5. 



8,5 



8,5 



9,5 
9,5 



8,5 
8.5 



5,8 



0,5 
0,5 
0,5 



6,5 

13,8 



4.3 

Ax8_ 



1,0 
1,0 
-IjJL 



12,3 



9,5 
9,5 



3.5 

5.0 



8,5 



pfs prs 

ARI ARie 



PFS 
AR! 



PFS 
ARU 



PFS PFS 



ARI ARU 



PFS 
ARI 



PFS 
ARU 



PFS 
ARI 



PFS 
ARU 



SCD SCDC 



ARI 
ARI 
ARI 



ARIO 
ARM 
AR18 



ARI 

PFS 



ARU 
PFS 



SCD SCDC 
MAQ MAGO 



MAS MAQl 
HAS HAQ2 
MAQ MAQ3 



PFS PFS 



AOF ADF 
PFS PFS 



ADF 
ARI 



AOF 
ARIO 



ARI ARIO 



070 
085 



075 
020 



080 



095 



085 
030 



090 
085 



140 



530 
545 
535 



930 
125 



295 

J15_ 



015 

015 

M9_ 



285 



125 

260 



660 
390 



010 







1 

2 
1 



2 
1 



2 
1 







015 17B49 1 
Ol5 07A20 S 



015 17B45 1 

019 QSJLfl?, XJI, 



015 I7i42 



015 08A22 



I 
S 



015 17B44 1 
015 e8A09 S 



015 17846 1 
15 08 A20 S Q 



015 e2A33 __S 



019 05843 
015 06843 
015 J_7B43 



019 08B4S 
015 17818 



015 02808 
4l9L_ULB4i. 
015 ilB4i 
015 12841 
015 13841- 



019 01A28 
019 l7A9f 



015 01867 
015 09 809 



015 05A09 



1 
2- 
1 
2 
.1 



019 17A48 S 



1 
S 



S 1 
2 



001 PCRll" 

002 9,9/ 0.0 



001 
002 . 


PCR12« 
. .9V9/,J,0. 


001 
002 


PCR13. 

r.s/ 0,0 


001 
002 


PCRi4.r 
9,5/ 0,0 


001 
002 


PCR19- 
8,5/ 0a0_ 


001 
002 
003 
004 
009 
006 


PipRDR*:. 

13,8/ 0,0 


001 

002 

003 

004 

009.^ 

006 


PFRST» 

" i2V3~/"o~.o 


001 ' 
002 


PFSINTii"" 
9,9/ 0,0 


001 
002 
003 


PUARt 
8.9/ 0,0 
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8,5 


TTV 


TTY 


170 





1015 


16A69 




1 


001 


REXTl. 


8,5 


8CD 


SCDC 


275 


1 


1015 


02A66 


S 





002 


8,5/ 0,0 


7,5 
7,5 


DAM 
SCD 


0AM 
SCDC 


120 
265 




1 


1015 
1015 


i4A6S 
02A64 


8 


1 




001 
002 


RiXT2« 
7,5/ 0,0 


3,0 
7,5 


DAM 


PFS 
DAM 


105 

150 




1 


1015 
1015 


17B52 
14803 




1 

2 


001 
002 


SCDCO 


10,5 


SCD 


SCDC 


430 


2 


1015 


02B36 


S 





003 


10,5/ 0,0 


0,0 


SCD 


SCDC 


450 





1015 


02B40 


S 





001 


8CDC0- 


3,5 
3,5 


MEM 
SCD 


MEM 
SCDC 


280 
305 




1 


1015 
1015 


e9A59 
02810 


S 


1 




001 
002 


SCOCOR 
3,5/ 0,0 


1,0 
. 0.5 


AOP 
8CD 


ADF 
SCDC 


605 
425 




I 


1015 
1015 


01S56 
02839 


S 


1 

2 


001 
002 


SCDCl* 


iiO 

2,5 


INR 
M-D 


INR 
M»D 


510 
025 


2 
1 


1015 
1019 


03837 
04892 




1 



003 
004 

001 


2,5/ 0,0 


0,0 


M-D 


M»0 


480 





1019 


04B60 


S 





SCDCllOP- 


0,8 


M-0 

SCD 


M 


460 




r 


10(5 
1015 


nm 


S 


1 

2 


00 

001 


8CDC1A 


5,8 
9,1 


MEM 
PF8 


MEM 

prs 


485 

110 


2 

1 


1019 
1015 


09B34 
17B29 




1 



002 
oos 


9Vl/ 0,0 


7.5 
7,5 


DAM 
SCD 


QAM 
SCDC 


155 

360 




1 


1019 
1019 


14809 
02B22 


8 


1 




001 
002 


scDciro 

7 '.5/ 0.0 


4.3 


MiM 


MiM 


295 





I8l5 


09A62 




1 


001 


SCDC3 


4,3 


SCD 


SCDC 


365 


1 


1015 


02B2S 


S 





002 


4V3/ 0,0 


3,5 
0,8 
4,3 


MEM 
INR 
SCD 


MEM 
INR 
SCDC 


300 
445 

335 




1 

2 


1019 
1019 
1019 


09A63 
03824 
02B17 


S 


1 

2 




001 
002 
003 


SCDCS. 
4,3/ 0,0 
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u — yn 1 n — pm-^ 

3.0 


-l-B — V-»V-> — 

MEM 


MEM 


« HHlHip «»* 

960 


1. 1 




^WVP 

1015 


B9B49 




-•r- — 

1 


DJl- 


JCiJC4 . ^^ 


llO 

4,0 


SCD 


ADF 
SCOC 


955 

400 


1 

2 


1019 
1015 


01B46 
02B30 


S 


2 



002 
003 


4',0/ 0,0 


liO 

3.5 


INR 

AOr 


INR 
ADF 


220 
295 



1 


1015 


03A47 
01A62 




1 

2 


001 
003 


8CDC4. 


4,5 


SCD 


SCDC 


410 


2 


1015 


02P32 


S 





4,5/ 0,0 


3,0 
3,0 


MEM 
SCD 


MEM 
SCDC 


270 
260 



I 


1015 
1015 


09A57 
02A63 


S 


1 




001 
002 

001 
0Q2„ 


8C0C4R 
3',0/ 0,0 


1.5 
1.5 


Aor 

SCD 


ADF 
SCDC 


519 
300 




1 


1015 
1015 


01838 
02109 


s 
s 


1 



1 


SCDC5 
. 1*1/ I4-O - 


1.3 


INR 


INR 


535 





1015 


03B42 


8JDC9* 


1.3 


SCO 


SCOC 


350 


I 


1015 


02120 





002 


1,3/ 0,0 


0,5 
0,5 


A or 

SCD 


ADF 
SCOC 


265 

259 




1 


1019 
1015 


01A56 
02A61 


s 


1 




001 
002 


SCDC7 
0,5/ 0,0 


2.0 
0.5 


INR 
AOF 


INR 
ADF 


035 
210 




I 


1019 
1015 


03A10 
01A49 




1 

2 


001 

_. _ e(L2_ 


SCDC7> 


2.5 


SCD 


SCDC 


205 


2 


1015 


02A47 


s 





003 

002 
001 


2,5/ 0,0 


3.5 
3,5 


MEM 
SCD 


MEM 
SCDC 


525 

215 




1 


1019 
1015 


09A68 
02A49 


s 


1 




SCDC78RB" 
3,5/ 0,0 


0,0 


SCD 


SCOC 


180 





1019 


02A41 


s 





SCDC9 


4,3 
4,3 


ADF 
SCD 


ADF 
SCOC 


445 

160 





1015 
1015 


01B24 
02A37 


s 


1 

D 


001 

_ ios. 


SCDC9> 
_„ 4V3/ .0,0.- 


o.s 


ARI 


ARI8 


405 





1019 


07816 




1 


8J!1 

002 

oos 


8CDC8 


3.0 
3,8 


ARI 
SCD 


AR 4 
SCOC 


370 
230 


1 

2 


1015 
1019 


06B08 
02A52 


s 


2 


3.8/ 0,0 



























.-C-L nTh i 



- BOI, Bfl U UCAl4fl*l- 5- tfl WT USEQ ildHkl NAMI 



4,3 


INR 


INR 


440 





1015 03i27 


-.-..1-.^ 

S 2 



00.1 
002 
003 

001 
052 

001 
002 

ooi 

002 

001 

001 
002 

001 

.001 

001 

001 
002 

ooi 

002 

001 
002 

001 
002 
003 


SCDCB* 


1.3 
5,6 


SCO 
ADF 


SCOC 
ADF 


165 

045 


1 
2 


1015 02A38 
1015 01A12 


5,6/ 0.0 


6,5 
_ _ _6a5 


INR 
BCD 


INR 
SCOC 


640 
155 




1 


1015 03863 
1015 02AS6 


1 

_8 „ . 

.1. _ 

S 

S 


SCDCC 
6,5/ 0,0 


2|5 


ADP 


ADF 


325 





1015 01A68 


SCDCC* 


2,5 


SCO 


SCOC 


105 


1 


1015 02A24 


2,5/ 0.0 


3,0 
3.0 


MEM 
SCO 


MEM 
SCDC 


2*0 
225 




1 


1015 09A55 
1015 02A5i 


8CDCCR 
3,0/ 0,0 


0,0 


SCO 


SCOC 


045 





1015 02Aia 


S 

1 

-5_.-.0_.._. 

_ _0^ 

...0__ 

.0.._ 

1 

s b 

'i ^ 

S 

1 
S 

1 

r 2 




SCDCD 


2,0 
2,0 


ADF 
SCO 


ADF 
SCOC 


215 

055 




1 


1015 01A46 
1015 02A14 


SCDCD- 
2,«)/ 0,0 


0,0 


SCO 


SCOC 


190 





1015 02A44 
1015 02B24 


SCR08RT- 


0,0 


SCO 


SCOC 


370 





8CR18RT- 


0.0 


SCD 


SCDC 


240 





1015 02A55 


8CR20PT. 


1.0 


SCO 


SCDC 


245 





1015 02A57 


SCR38PT. 


1.0 


M«iD 


M"D 


540 


1 


1015 04A49 


1.0/ 0,0 


1.0 
1.0 


SCD 
M-D 
ADP 


STfD"e~ 

M"0 

AOP 


"" 150 
535 




1 

o 


10l5 02AS5 
1015 04A47 
/OtS OlASO 


'leRFepT- 
1,0/ 0,0 

stbinh — 


5.6 
5.8 


DAM 
INR 
SCO 


t>AM 

INR 

SCOC 


185 
505 


1 



1 


idii (4x1^ 

1015 03A40 
I0l5 02B51 


T4SC0C1 
5'(6/ 0,0 


5,8 


DAM 


DAM 


060 





1015 14A39 


TIRCO 


4.3 

10.1 


MEM 
ADF 


MEM 
ADF 


410 
275 


1 

2 


1015 09B19 
1015 01A58 


10.1/ 0.0 
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6 

11 



3 
2 

19 



3 

4 

13 



_PJ &L 



MEH MiM 



SCD SCDC 
INR INR 



MEM MEM 
DAM DAM 



DAM 

MEM 



0AM 

MEM 



M«pD M"D 



M»D 

MEM 



M>D 
MEM 



DAM DAM 
PFS PFS 



MEM MEM 
MbO M"D 
ADF ADF 



DAM DAM 



MEM 
SCD 
INR 



MEM 

SCDC 

INR 



INR INR 



MEM 
M-D 
ADF 



MEM 
M«D 
ADF 



INR INR 



M-D M"D 
MEM McM 
RFS PFS 



Am. 



425 



069 
375 
405 



415 
039 



045 
470 



075 



300 
545 



030 
095 



420 
045 
405 



065 



400 
310 
155 



265 



4Q5 

090 

^45_ 



530 



055 
440 




1 
2 



2 
1 

2 



1 
2 

-1. 



1 

2 



01,5 15 A47 - 



019 09B22 S 



015 84862 
015 02B29 
015 03B 



15 09820 
015 14A17 



1 
2 

S 2 




015 14A33 
015 09831 



1 
.1_2_ 



015 04846 



015 04A5e 
015 09846 



1 





015 14A19 1 

01 5 1 7 B64 -2_- 

019 09821 S 1 
015 04855 2 
015 01816 



015 14A4 1 



015 09817 
019 02811 
019 03A34 



015 03A56 



015 09818 
015 04859 
01 5 1852 



015 03841 



015 04830 
015 09829 
fll9 17869 



1. 
2 

1 



S 2 

1 
0- 



2 
S 1 

-Q- 



oai 


TlfiXJi!"- - 


002 


5,'8/ 0,0 


001 
002 

004 
005 


TIRCl 
11|6/ 0.0 



001 

.001. 

003 



TIRC2 



8,5/ 0,0 



001 
002 



001 
JQ2_ 
003 
004 
0Q5 



TIRC2- 
9,0/ 0,0 



TIRCSi 



19'. 9/ 0^0 



_0It__.TJR54._ 

002 
003 

Jfl4 .13'tl/.JiO- 



_0(Jl_..T|RC4.-_ 



002 

003 

^tt04 



002 

003 

Jtt-4_ 



ft:,i/-fl.O 



.TIRCA. 



_i*5/.A.Q_- 



0.0 



TTV TTY 



330 



1015 16867 



JOl TIYP.L14V. 



END fl F LIST 
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